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PREFACE. 



The proprietors of the Encyclopaedia Britannica having determined on printing as a 
separate treatise, in a somewhat enlarged form, the article Ship-Building as prepared 
for the eighth edition of that work, and a second edition of the separate treatise bemg 
now called for, it is proposed to say a few words explanatory of the tenor and scope of 
the original article. The article in the previous edition of the Encyclopaedia was written 
by Mr Creuze, a member of the School of Naval Architecture which existed at Ports- 
mouth under the late Dr Inman. Mr Creuze's death at a comparatively early age, 
while it was a source of great regret to a numerous circle of friends, was at the same 
time a serious loss to the profession of which he formed so distinguished an ornament. 
His work was received with the greatest favour, as a valuable addition to the works on 
Ship-building in the English language ; but since it was written, great changes have 
taken place. The researches of Canon Moseley, and the still more important researches 
and works of the Rev. Dr WooUey, have added to the theoretical knowledge of the sub- 
ject ; and the rapid extension of Steam-Shipping, the general increase in the size of 
vessels, the introduction, or perhaps, to speak more correctly, the now general adoption 
of Iron as a material for the construction of Ships, and latterly the use of a casing of 
thick armour-plates of iron for the protection of men-of-war, all called for special notice, 
and for a revisal, and in some respects a renewal, of the article. 

To follow Mr Creuze was felt to be assuming no light responsibility ; but, as it was 
specially desired to produce a work which should be of a nature to be useful to the 
practical ship-builders of the day, and as the use of Iron in the construction of ships 
had assumed so important a position in the country, it was considered desirable that 
the work should be undertaken by one possessed of as much experience and practical 
knowledge of this branch of the subject as possible ; the more so as it was felt that the 
previous article by Mr Creuze aflforded so good a groundwork for the portion on wooden 
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ship-building which would still be required. The writer was therefore applied to by the 
proprietors to undertake this task. He had been employed by Mr Fairbaim of Man- 
chester, in 1834, upon two iron steamers constructed to run upon the Humber between 
Selby and Hull ; in 1836 he entered into partnership with Mr Fairbaim, for the purpose 
of commencing Iron Ship-building on the Thames, and works for this purpose were 
erected at Millwall, where he was for some years the sole and resident partner, actively 
engaged in superintending the construction, both theoretically and practically, of the 
iron vessels built there. In 1843 he entered the service of the Adnuralty, and since 
then he has carefully watched the progress of iron vessels, and, while he has been in a 
position to do so, he has at the same time also had opportunities of seeing the construc- 
tion of some of the finest specimens of wooden ships that the world has ever seen, or 
probably now will ever see. 

The history of naval architecture, as given by Mr Creuze, has been retained with but 
little change ; and from the period up to which his treatise carried the subject, a mere 
outline has been given in continuation up to the present time, the article Steam-Ships 
supplying the deficiency. The chief alterations which are taking place in ship-building 
in the present day are confined to those in the Royal Navy, in consequence of the intro- 
duction of the coating of armour-plates on the sides of ships of the ordinary form, and the 
new class of vessels created by Captam Coles's invention of revolving shot-proof turrets. 
Of the former class, the ** Warrior" and the "Black Prince," of 6109 tons and 40 guns, 
and " The Defence " and " The Resistance," of 3668 tons and 18 guns, have proved 
themselves to be ships excelling in all respects in sea- worthy qualities. The well-known 
principles enunciated by scientific research, as well as by practical experience, that 
weights at the sides of a ship, and not too low down, will tend to slow and easy rolling, 
and that heavy weights at the extremities, especially of long ships, are to be avqided 
as producing violence of motion in pitching and 'scending, have been carried out in 
these ships, and these results have shown the value of knowing how to apply scientific 
knowledge to the regulating the disposition of weights in the design and construction 
of ships. These vessels have therefore demonstrated in the fullest manner the correct- 
ness of the views adopted by the Board of Admiralty and the Controller of the Navy, 
who decided upon vessels of such a class being added to the British Navy ; and their 
performances, now that they have been fully tested, have shown how well the intentions 
of the Board have been carried out by those who designed their lines and determined 
on their details. 
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The question, however, whether ships with broadside guns, or ships with Captain 
Coles's revolving turrets, are to be preferred, still remains unsettled. It will perhaps be 
found that each of these classes will prove useful in a sphere of its own, aAd that what- 
ever success may attend Captain Coles's ships, a considerable, if not the largest 
portion of our future fleet, must still consist of ships with broadside guns. It has been 
assumed by the advocates of turret ships, in their arguments in their favour, that in 
revolving turrets alone can guns of very large calibre be used ; but it is submitted that 
this is not necessarily the case if the guns in the broadside of a ship be placed on a 
traversing platform worked by mechanical appliances ; and it may be remarked, that 
though guns worked on board ship in the way here suggested might not each have 
individually the same extent of angular traverse aa the guns in revolving turrets, yet as 
all screw ships have to some degree, by judicious management of the helm and the 
screw, the power of revolving almost on their own axis without going ahead, this 
objection is very much obviated. It must not be forgotten, also, that the ship to carry 
a turret, to prevent her being sunk or set on fire, must be as thoroughly protected as the 
ship to carry broadside guns ; and though possibly she may be built with her sides of a 
less height out of the water, yet for a sea-going vessel this advantage has many counter- 
balancing evils. 

After completing the history, the theory of naval architecture was treated of by Mr 
Creuze, and the same arrangement has been continued. This portion of the present 
article has been rewritten, and is entirely the production of Mr Robinson, Head- 
master of the school for apprentices in Chatham Dockyard. The writer believes that 
he could not have obtained the assistance of any one more competent to do justice to 
the subject, knowing that Mr Robinson's knowledge and acquirements in this respect 
have been highly considered by both Canon Moseley and Dr WooUey, the two highest 
authorities of the present day upon this branch of mathematical research. 

For the investigations respecting the eflFects of the forces which act upon a ship 
when in motion, and the strains to which she is liable under dififerent circumstances, 
the writer is himself answerable, as well as for the portions upon the materials used in 
ship-building, upon the forms and the construction of the bodies of ships, and upon the 
practical operations required therein. On all these points, occasional remarks from Mr 
Creuze's previous^ work, which was placed by the proprietors at the disposal of the 
writer, have been introduced ; but they are so mixed up with the general reasoning, 
that it was found impossible to separate them, or to give them entire as extracts from 
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his work, without hurting the continuity of the argument, and rendering the illustrations 
aimed at obscure. The desire throughout has been, to produce, in the simplest possible 
form, a work which may be useful to the practical ship-builders of this country. 

To naval ofiBcers, it is at the same time believed that much of the article will be 
found useful ; because, while it must be beneficial to them to understand the principles 
on which the ships in which they are serving are constructed, they ought also, 
certainly, to understand those principles which regulate the strains to which their ships 
are exposed under different circumstances, and how these may be modified and lessened 
by their management. 

In conclusion, the writer desires to express his thanks to the managing Directors of 
the Peninsular and Oriental Company, and to the Practical Builders to whom he applied; 
and who, in the most kind and ready manner, furnished him with the valuable specimens 
of their works which appear in the plates. 

Portsmouth, March 1863, 
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To a people whose power is essentially maritime it is not 
necessary to use any arguments in proof of the importance 
of ship-building. Without pausing to dwell on the various 
struggles by which England has maintained her position 
amongst nations, it must be seen by all who study her his- 
tory, that it has been by keeping invaders from her shores, 
by means of her wooden bulwarks, that she has withstood 
the repeated attacks of the powerful nations of the con- 
tinent. And whilst the navy must be looked upon as the 
proper means of defence to this sea-girt land, who can visit 
the docks of London, Liverpool, the Clyde, or any of her 
other commercial ports, and not feel that her very heart's 
strength lies in those forests of masts which bring wealth 
to her merchants and manufacturers, and the means of 
employment to her artisans, forming, at the same time, a 
nursery and a reserve of seamen, who will be ready in the 
hour of need to vindicate her claim to pre-eminence on the 
ocean ? Who, it may also be asked, can look upon the 
changes effected by her instrumentality in all quarters of the 
globe, and not own that her winged messengers have, under 
God's blessing, been the means of spreading civilization 
and truth through a large portion of the world ? 

The love of a sailor's life, common to all ranks amongst 
her sons, owes perhaps its origin to their Norman fore- 
&ther8 ; but, however begotten, and however fostered, Eng- 
land owes much to it, and to the spirit of adventure whicli 
it has engendered amongst them. Individual enterprise 
has led to national achievements, till the name and power 
of Great Britain have been so extended that the sun never 
sets upon her possessions. 

In an age when science is lending its mighty aid to every 
peaceful and warlike art, when mighty armies may be 8ud« 



denly concentrated by railroads, and a nation's &te may 
hang on the electric wire, England must not trust in the 
multitude alone of her ships. Every fresh struggle for 
wealth or power proves that it is the amount of mind and 
intellect put forth in that struggle, and the amount of 
energy, and of means used to effect the end desired, which, 
humanly speaking, ensure .success ; and, as knowledge is 
always increasing, nations or individuals must not rest 
upon what has been done, if they desire to keep pace with 
the world in its eager rush of advancement and improve- 
ment. With regard to ship-building, not only must in- 
genuity and skill be brought to bear to assist the artisan in 
the practical construction of the fabric, but men of science 
must lend their aid, and use their powers of investigation, 
to assist in designing a complete whole, adapted to meet 
the ever-increasing competition for mastership on that ele- 
ment on which not only the welfare of England but of the 
whole world seems to hang. 

The limits of a treatise of this nature are such that a very 
general view only of the many branches of inquiry in- 
volved in this important subject can be given. It could 
not, however, be considered complete without a short out- 
line of the rise and progress of tlie art, or without some re- 
ference to the authors from whose works further information 
may be obtained. It is always interesting and instructive 
in every art to trace the various stages it has gone through 
before arriving at its existing state. The retrospect of the 
art of ship-building shows that there has been no standing 
still in its course without corresponding injury to the pros- 
perity and power of the nation which has neglected it, and 
that there must be no relaxation of exertion to meet the 
demands of a commercial and warlike people. 
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RISE AND PROGRESS OF NAVAL ARCHITECTURE. 

In tracing the progress of naval architecture among the 
nations of antiquity, in order to connect it with its advance 
in more modern times, the chronological divisions adopted 
by that indefatigable investigator, Charnock, in his valuable 
History of Marine Architectnrey present a very succinct 
idea of the probable rise, progress, decline, and revival of 
the art, and therefore oiFcr a valuable guide for investiga- 
tion. It would not be consistent witli the purpose of this 
article to enter into the detail that would be necessary to 
ascertain the state of navul architecture during the periods 
embraced in each of tlie sections he has assigned to this 
subject. Some few facts only will be collected from various 
authors in illustration of the probable size and nature of the 
shipping of the ancient world, with an outline of what little 
is known of the rude vessels which, during the darkness ot 
the middle ages, bore the marauders of the northern nations 
on their predatory excursions. Charnock divides maritime 
history into seven sections. The first comprehends the 
time previous to the foundation of Home, until which he 
considers that all history is founded on surmise. The 
second section comprises a period somewhat less obscure, 
in which the collateral testimony of various authors may be 
examined and compared ; and therefore there certainly 
appears less difficulty in ascertaining facts. It extends 
from the foundation of Rome to the destruction of her rival, 
Carthage. The termination of the third is at the conver- 
sion of the Republic into an empire. The death of Charle- 
magne ends the fourth epoch. The fifth extends from 
this period to the discovery of the mariner's compass. 
The sixth ends with the discovery of cannon, and with 
their adaptation to naval warfare commences tiie seventh 
epoch. 

The first vessel of which we have any description is the 
ark as built by Noah under the directions of the Almighty. 
Its proportions possess some interest, because, though not 
intended for a voyage, it may be inferred that it was con- 
structed to float with as little motion as possible, consider- 
ing that it ** went upon the face of the waters" for about 
five months. It was no doubt exposed to the action of the 
winds and waves during that^ period, for before it rested 
'* a wind was made to pass on the eartli, and the waters 
asswaged.^ Assuming a cubit to be about 18 inches of 
our measure, its length was about 450 feet, its breadth 
about 75 feet, and its depth about 45 feet, with an arch or 
round-up of the upper deck of about 18 inches. Its 
draught of water must have varied greatly during the 
period of its occupation, as twelve months' provisions must 
have formed a very large proportion of the original weight, 
and these must have been gradually consumed. Its length 
is thus seen to have been six times its breadth, and it is per- 
haps curious that ship-builders should not sooner have given 
this, or a greater proportion of length to their vessels ; 
seeing that these were intended for locomotion, with as much 
speed as possible, and consequently that an increase of length 
must have been proportionally advantageous to them, by 
giving them a finer form. The remembrance of this huge 
vessel, or floating house, would remain long on the minds 
of Noah's posterity ; but it was not likely to influence them 
in the construction of petty floating vessels, to meet any of 
their limited requirements. Wickerwork frames of rushes, 
or reeds, or of the rind of the papyrus, smeared with mud 
or pitch, similar to the ark in which Moses was exposed, 
appear to have been at a very early age brought into use, 
and basketwork, covered with skin, has continued in con- 
stant use among many nations, even up to the present 
time. They are still in use in some parts of this and other 
countries under the name of coracles. Canoes, formed out 



of the trunk of a tree, require tools or implements for their History, 
construction, and were, therefore, no doubt o^ later intro- ^-^k^^^^ 
duction. 

As early authentic records on the subject of ship-build- Y***i*^* °^ 
ing, the paintings and sculptures of Upper and Lower g"*"' 
Egypt may be referred to. These show regularly formed ^^ 
boats, constructed of sawn planks of timber, propelled by 
numerous rowers, and also by sails. Some are represented 
as formed with inclined planes, forward and afl in the same 
manner as the barges on the Thames, and in this respect 
are more correct in theory and in reality as to ease of pro- 
pulsion than many canal-boats of the present day, con- 
structed of a wedge-like form. The Hebrews in the time 
of Solomon must have possessed vessels of considerable 
size, as mention is made, in the sacred writings of that date, 
of " stately ships" and of voyages made to bring trees of 
considerable size to be used in the building of the temple. 
In addition to the trade in the Mediterranean from Joppa 
and Tarshish, it is also recorded that Solomon despatched a 
navy of ships from the Red Sea to fetch gold from Ophir, 
the position of which, though disputed, was probably on 
the east coast of Africa. 

The Phcenicians were connected with the Hebrews in Phcenieiftn 
their maritime expeditions, and this people appear to have shipping, 
been the most enterprizing in navigation of all the nations 
of antiquity. There can be no doubt from the accounts 
given by that most pains- taking andcareful historian, Herodo- 
tus, that an expedition fitted out by this people sailed round 
the Cape of Good Hope. They started from the Red Sea, 
and after passing Ophir, if situated, as previously supposed, 
on the east coast of Africa, and to which they were in the 
habit of trading, they rounded the Cape, and keeping by 
the shore they entered the Mediterranean through the pillars 
of Hercules, or Straits of Gibraltar, and arrived in Egypt in 
the third year of their expedition. Vessels capable of per- 
forming such a voyage must have been o^ considerable 
size. The Phoenicians were also engaged, in concert with Grecian 
other nations, in wars with the Greeks ; and it was ftt)m shipping, 
them that the latter nation learned in their wars what they 
knew of ships and of navigation. Amongst the Grecian 
states, the Corinthians appear to have most distinguished 
themselves by improving the forms of the galleys, and in- 
creasing their size. The people of Tuscany and the Car- 
thaginians also became important maritime powers about 
this time. 

The Romans in the earlier stage of their history paid Roman 
little attention to navigation, until it was forced upon them^^ipping 
by the necessity of competing with their great rivals the"*^* 
Carthagenians. The galleys of this period ranged from a 
single bank up to the quinquireme of five banks of oars. 
The oars in these large galleys being arranged in sets or 
bankSf the number of these could be increased to any 
extent by giving additional length to the galley. The 
trireme, or three-banked galley, appears to have been gene- 
rally open in the middle where the rowers sat, with decks 
or platforms at both ends for the soldiers ; but this was not 
always the case, as in the representation of a trireme found at 
Pompeii, it is decked over for its whole length, and with a 
house or inclosed space at the stern. The galleys of 
greater size than the triremes appear to have been alwavb 
decked- vessels, and the upper or fourth and fifth oars of 
each bank were probably pulled from the deck, in the same 
manner as the long oars of the present day, called sweeps, 
while the three lower oars were pulled through port-holes 
by men seated below the deck. 

The chief information on the vessels of this period is 
gathered from the accounts of naval expeditions and en- 
gagements as recorded in the histories of the Peloponne- 
sian war by Thucidydes ; the wars of Alexander the Great, 
especiallv the siege of Tyre, by Curtius and Arrian ; the 



SHIP-BUILDING. 



Hlitorj. 



Clanmof 

Rooimii 

■hipping. 



Oak fint 
used in 
Bhip-buLId< 
ing. 
Copper. 



CftullLing. 

Ezhuma- 
tion of ft 
Koman 
TeeseL 



Koyal So- 
ciety of 
Northern 
Antiqua- 
rians. 



Gaulish 
Wneti. 
B.C. 65. 



battle between Demetrius and Ptolemy, by Diodorus Sicii- 
lus; tlie first Punic war, by Polybius, in which a very minute 
account is given of the engagement between the Romans 
and the Carthaginians; and of the battle of Actium, by 
Dionysius Cassius. Cssar, in his Commentaries, also gives 
an account of the vessels used in the invasion of Britain, 
which seem to have been of greater draught of water than 
common at that period, as he considers it worthy of record- 
ing, that the men on disembarking were breast-high in the 
water, and that at last the galleys were ordered in between 
these larger vessels and the shore, to protect the disem- 
barkation. 

The Roman ships were divided into three classes : the 
naves longa, or ships of war ; the naves onerariiB, or ships 
of burthen ; and the naves liburniBy which were ships built 
expressly for great velocity, and may be supposed to have 
been used as despatch-boats, and for making passages with 
important personages. There is repeated evidence to prove 
that these vessels were invariably built of pine, cedar, or 
other light woods, excepting that the bows of those lor war 
were of oak, strongly clam])ed and strengthened with iron 
or brass, in order to withstand the shock of opposing ves- 
sels ; the tactics comprisini; the attempt to sink or damage 
the enemy's vessel, by violently propelling this armed bow 
against the weaker broadside of the enemy, or else endea- 
vouring to break and cripple the oars. Oak was first ap- 
plied to ship-building by the Veneti, on the testimony 
of Csesar in his treatise De Bella Gailico, lib. iii. cap. 13. 
Copper or brass was introduced for fastenings, in con- 
sequence of the quick corrosion of the iron, about the 
time of Nero. This is stated on the authority of Vege- 
tius, and also of Athenseus ; and Pliny mentions that flax 
was used for the purpose of caulking the seams of the 
plank. 

The following quotation is from Locke's History of Navi- 
gation :~-*^ Sheathing of ships is a thing in appearance so 
absolutely new, tliat scarce any will doubt to assert it alto- 
gether a modern invention ; yet how vain this notion is, will 
soon appear. Leo Baptisti Alberti, in his book o^ Archi- 
tecture (lib. V. can. 12), has these words : But Trajan's ship 
weighed out of the lake of Riccia at this time, while I was 
compiling this work, where it had Iain, sunk and neglected, 
fur above 1300 years ; I observed that the pine and cypress 
of it had lasted most remarkably. On the outside it was 
built with double planks, daubed over with Greek pitch, 
caulked with linen rags ; and over all a sheet of lead 
fastened on with little copper nails. Raphael Volaterranus, 
in his Geographyy says this ship was weighed by the order 
of Cardinal Prospero Colonna. Here we have caulking 
and sheathing together above 1600 years ago; for I sup- 
dose no man can doubt that the sheet of lead nailed over 
the outside with copper nails was sheathing, and that 
in great perfection, the copper nails being used rather 
than iron, which, when once rusted in the water, with 
the working of the ship, soon lose their hold and drop 
out." 

During the dark ages which followed the downfall of 
Rome, little progress was made in navigation, and but little 
is known of the vessels in which the nortncrn hordes made 
their predatory and conquering excursions. 

The investigations of the Royal Society of Northern 
Antiquarians at Copenhagen have thrown considerable light 
on the subject of this early navigation, and of the discoveries 
of the Scandinavians in the west ; and it cannot be sup- 
posed that it was in coracles that frequent voyages were 
made to Newfoundland, and colonies established there, 
which, it appears {jroved, were in existence as early as 
the tenth century. But to recur to the description given 
by Csesar of the ships of the Gaulish Veneti. ** Their 
bottoms were somewhat flatter than ours, their prows were 



very high and erect, as likewise their stems, to bear the History, 
hugeness of the billows and the violence of the tempests. ^ ^ —t^ 
The body of the vessel was entirely of oak. The benches 
of the rowers were made of strong beams about a foot in 
breadth, and fastened with iron nails an inch thick. In- 
stead of cables, they secured their anchors with chains of 
iron ; and made use of skins and a sort of thin pliant leather, 
by way of sails, probably because they imagined that 
canvas sails were not so proper to bear the violence of 
tempests, the rage and fury of the winds, and to govern 

ships of that bulk and burthen Neither could our 

ships injure them with their beaks, so great was their 
strength and firmness, nor could we easily throw our darts, 
because of their height above us, which also was the reason 
that we found it extremely difficult to grapple the enemy 
and bring him to close fight." And again, speaking of the 
manner in which these ships were eventually taken posses- 
sion of: ** They," the Romans, " had provided themselves 
with long poles, armed with long scythes ; with these they 
laid hold of the enemies' tackle, and drawing off the galley 
by the extreme force of oars, cut asunder the ropes that 
fastened the sailyards to the masts ; these giving way, the 
sailyards came down, insomuch that, as all the hopes 
and expectations of the Gauls depended entirely on their 
sails and rigging, by depriving them of this resource, we 
at the same time rendered their vessels wholly unservice- 
able." 

The account proceeds to state, that many attempted to 
escape from this unforeseen means of aggression ; but that 
the wind filing, and a perfect calm coming on, they were 
obliged to remain inactive on the water, and were taken 
|)ossession of, one after the other, by the simultaneous at- 
tack of several Roman galleys. It would appear from this 
that they were vessels only intended for sailing, and that, 
since oars were used, from the mention made of seats for 
the rowers, they could have been as very partial accessories 
to the sails, or probably even only for steering. Another 
fact is mentioned by Caesar, that the Veneti sailed from 
their port to meet the Roman fleet, and several of the 
vessels escaped to their port from the fleet. This, though 
not conclusive of the fact of sailing on a wind, b worthy of 
notice. 

It is probable that it was ships such as these which brought HengiBt 
Hengist and Horsa to England about the middle of the fifth *nd Horva 
century, since it is recorded that their force, which con- '^'^* *^ 
sisted of 1500 men, found accommodation in only three ves- 
sels. It is hardly to be imagined that the coracles, or skin- 
boats of the northern nations, were ever of sufficient dimen- 
sions to accommodate a force of 600 men, with arms and 
means of active aggression. 

The earlier irruptions of the northern barbarians into Rise of 
Italy had desolated the Roman province of Venetia, and Venice, 
driven a remnant of its inhabitants to the refuge affisrded 
by the small marshy islands at the extremity of the Adri- 
atic. There they are described by Cassiodorus, who assimi- 
lates them to water-fowl, as subsisting on fish, and steeped 
in poverty, their only manufacture and their only com- 
merce being salt. From such humble beginnings arose 
the state destined to connect the old world with the new, 
and to lead the van of modern commercial and maritime 
enterprise. The mercantile prosperity of Venice diffused 
its influence throughout the shores of the Mediterranean, 
which thus became once again the nursery of civilization 
For many centuries Venice was the CTeat school of the arts 
connected with navigation, and her shipwrights and seamen 
were long the most instructed in Europe. While the north- 
ern seas were navigated by the Scandinavian sea-kings, in 
their rude and frail boats, in quest of plunder or of a home, 
ships floated on the waters of the Mediterranean bearing 
the banner of St Mark, which, it is said, were, even as early 
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as the tenth century, of the burthen of 1200 up to 2000 
tons. The vessels, however, generally adopted by the Me- 
diterranean states were either copies or modifications of 
the ancient galley. 

It is a fact worth notice, that while the continuation of the 
use of this species of vessel in tlie comparatively tranquil 
waters of the Mediterranean fostered the arts of commerce 
and navigation, its introduction into the northern seas, to 
which it was ill adapted, appears to have checked, in a most 
remarkable degree, the maritime enterprise which had 
hitherto so characterized the population of their coasts. It 
is even probable that the barrier thus opposed to commerce 
entailed on the states of Northern and Western Europe 
centuries of comparative barbarism. 

Alfred was the first ruler of England who clearly under- 
stood that the policy of Britain was rather to prevent than 
to resist invasion ; and the bygone history of his country 
told him plainly that its military strength was not only 
insufficient to awe invaders fi'om its shores, but that all the 
military resources at his command were inadequate to pre- 
serve the liberties of his people. He therefore turned the 
energies of his mighty mind to the task of creating a naval 
force, which should be more powerful than that of his 
untiring persecutors the Danes. In this he succeeded ; 
and at length, under the protection of the fleets which his 
genius had created, he was enabled to establish that frame- 
work of internal policy and government, from the wisdom 
of which England has even to this day benefited. It is 
historically certain that Alfred himself superintended the 
formation of ^is fleet, and that he gave tlie design of vessels 
to be superior to those of the Danes. 

These vessels were galleys, generally rowed with forty 
oars, some even with sixty, on each side ; and they were 
twice as long, deeper, nimbler, and less " wavy^ or rolling, 
than the ships of the Danes. The information on this 
subject is obtained by Selden from a Saxon chronicle of 
the time of Alfred, which is in the Cottonian Library. 

It should be remembered, that when Alfred thus intro- 
duced the Mediterranean galley into tliese northern seas, 
his object was not so much to form a vessel adapted for the 
purpose of navigating those seas, as to obtain one which 
would afford space for a large force of fighting men. For 
this the galley was admirably qualified; and indeed it main- 
tained its place as the appropriate ship for the purposes of 
war until the invention of cannon rendered other arrange- 
ments necessary. 

The immunity which it insured from the attacks of the 
Danish marauders caused its general adoption along the 
coasts hitherto open to their incursions, on all of which it 
thus superseded the sailing vessels that have been already 
described ; and voyages which, until its introduction, were 
boldly and successfully achieved, became of rare occurrence 
and of hazardous issue during the subsequent ages, until 
the galleys once again gave place to sailing vessels. It also 
gradually checked the enterprise of the Northmen, by the 
curb wb^ch it placed upon their successes. 

It is not pro])osed to give more than a slight sketch of 
the naval history of Britain through the line of her Saxon 
princes; for little data can be found on which to base 
any speculation even, as to the progress of naval architec- 
ture auring these ages. The galley of the Mediterranean 
continued to be used for the defence of the coasts ; and the 
policy of Alfred appears to have been well understood by 
many of his successors — that England only enjoyed peace 
from invasion when her fleets were powerful enough to 
repel it from her shores. It is also to be inferred that the 
use of sailing vessels was not w holly abandoned ; for in the 
reign of Athelstan, the third in descent from Alfred, as 
recorded by Hackluyt, it was decreed, that "if a mar- 
chant so thrived, that he passed thrise over the wide seas 



of his owne crafte, he was thenceforth a Thein's right Histoiy. 
wort hie." v^i^^*-«»^ 

This establishes two rather interesting facts : one is, that Mercantile 
at so early a period there were merchants of importance shipping, 
enough to engage in such a traffic ; and the other is, that 
from the richness of the reward held out to successful enter- 
prise, the difficulty of the task assigned must have been esti- 
mated as great. It may be assumed that these long voyages 
were made in ships more adapted for the purpose than galleys; 
in fact, in the vessels which the galleys had been intended 
to supersede. But the spirit of maritime enterprise had, as Decline of 
before observed, evidently received a check, since one of the "•▼•I «n- 
highest rewards in the power of the monarch to bestow was *«'P'^®« 
held out to the merchant as an incitement to an adventure, 
which the vague hope of plunder would alone have been 
sufficient to induce that merchant's progenitors to attempt 
and successfully perform. However, it is probable that at 
no time was the art of navigating vessels, which depended 
principally, altliough perhaps not wholly, upon their sails, 
lost in the northern seas. Gibbon says, that at the early 
crusades the vessels of the " Northmanni et Gothi" (the 
Norwegians and Danes) differed from those of the other 
powers, among all of whom the ships partook of the charac- 
ter of the Mediterranean galley. These northern crusaders 
are described by him as navigating " navibus rotundh — tliat 
is to say, ships infinitely shorter in proportion to their length 
than galleys." This was not later than the beginning 
of the twelfth century, and therefore not so far removed 
from the periods in question as to render the inference 
proposed to be deduced fi-om it erroneous, particularly when 
referring to times of such slow improvement as tlie middle 
ages. 

The '' mighty** fleets maintained by Edgar afford no in- Edgar, 
formation on the subject of this article, excepting that the 
facts connected with that monarch's annual circumnaviga- 
tion of his territories prove them to have consisted of row- 
galleys. They must, however, have formed comparatively 
a " mighty" fleet ; for, from a grant of land made by Edgar 
to Worcester cathedral, it is found that he assumt d to him- 
self the title of " Supreme Lord and Governor of the Ocean 
lying round about Britain." That they were but of slight 
construction may be inferred from tlie low state of the navy 
so shortly after the death of Edgar as the reign of Ethelred, £thelred. 
who, in order to re-establish it, instituted a regular tax for 
providing and maintaining a navy. It was enacted, accord- 
ing to Selden, that whoever possessed **310 hides of land 
was charged with the building of one ship or galley ; and 
owners of more or less hides, or part of one hide, were 
rated proportionally" — the hide being, according to the 
best authorities, as much ground as a man could turn up 
with one plough in a year. But this tax appears to have 
been inadequate to the purpose of providing a sufficient 
fleet, for all the exertions of Ethelred could not preserve 
Britain from again being ravaged by the Danes, and, af^er 
the short reign of his son Edmund Ironsides, England was 
ruled by Danish monarchs. From the known talent of Canute. 
Canute, the first of these princes, and from the crowns of ^'^^ ^^^^ 
Denmark, Norway, and Britain being united in his person, it 
may be presumed that the naval affairs of England were not 
suffered to retrograde. There is, indeed, a record of their 
advance during this second Danish rule. It may also be 
inferred from the present which was made by Earl Godwin 
to Hardicanute, the third Danish sovereign, of a galley, 
sumptuously gilt, and rowed by fourscore men, each of 
whom wore on his arm a bracelet of gold weighing sixteen 
ounces ; not that the mere gorgeousness of the gifb would 
prove any advance in the art of ship-building, but it may 
be supposed, from its nature, that naval affairs found 
favour in the sight of this monarch. Of this there is also 
other historical evidence, as Hanlicanute raised L.11,04S, 
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History, in the first two years of his reign, for the purpose of build- 
^—-V^-^ iDg thirty-two ships; and the taxes he levied for the support 
of his navy were so grievous that, Florentius says, scarcely 
any man was able to pay them. 

The marine of England seems to have been maintained 
on a comparatively powerful footing up to the period of the 
Norman conquest ; and from the naval resources at the 
command of Harold the Saxon, in comparison with the in- 
significance of the shipping which brought William and his 
Normans across the channel, there can be no doubt that 
had Harold relied upon his naval strength, the conquest of 
England would never have been achieved ; but, by some 
fatality, his fleet, which had been long stationed off the Isle 
of Wight, was dispersed, in consequence of a report that 
William had abandoned his enterprise. 
" The flotilla of William the Conqueror is variously stated ; 
by some at 900, by others at 3000 vessels. Either num- 
ber proves their insignificance, as the invading force con- 
sisted of about 60,000 troops, which would give in the one 
case about 66 men to each vessel, in the other 20 men 
only (figs. 1 and 2). 
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The conquest of England being completed, the shores 
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Fig. 2. 

Normandy were under the same rule. W^illiam, therefore, 
claimed sovereignty over them, which right was maintained 
by his successors. There, can be no doubt that the con- 
stant intercourse between the two portions of the empire, 
which continued throughout the Norman sway, and indeed 
for a period of upwards of three centuries, must have done 
much towards fostering a maritime spirit among the popu- 
lation of England, and accustoming it to consider that fame 
and fortune were the rewards of nautical adventure. 

There is but slight evidence as to the state of naval 
architecture during the early period subsequent to the Con- 
quest There are a few facts scattered among the records 
of these times, from which some vague conclusions as to 



tlie probable size and nature of the vessels used may be History, 
drawn. When Prince William, son to Henry I., was v,— ^/-^ 
drowned, by the loss of the vessel in which he was cross- a.o. 1100, 
ing fi'om France to England, it is recorded that 300 souls 
perished with him. As of this number a large portion, his- 
torians say 140, were men of rank, and as there were many 
ladies, since the prince was accompanied by his sister, the 
vessel must have been of considerable burthen. A similar 
event, namely, a shipwreck, that occurred during the reign 
of Henry IL, by which nearly the same number of persons 
perished, tends to prove that such was about the extent of 
the accommodation afforded by the shipping of tliis f^riod. 

Galleys still continued to be used for the purposes of war ; 
but as commerce began to be extended, it became neces- 
sary to recur to the use of sails, and they were therefore 
gradually recovering their importance, and superseding 
oars. Indeed, it is difiicult to conceive commerce to be 
profitably engaged in when attended with the immense 
expense of the crews necessary to propel the larger galleys. 
This must have had an important influence in the improve- State of 
raent of navigation and of naval architecture, for the com- trade, 
mercial intercourse between the portions of the empire on 
either side of the channel must have been considerable. 
There is constant reference in the early chronicles to the 
great extent of the wine trade, and of the commerce in wool 
and woollen cloths. 

The introduction of vessels propelled by sails for the pur- 
poses of commerce would necessarily cause a change in the 
constitution of the fleets assembled for the services of war ; 
and this will be found to have been the case. 

The expedition of Richard Cceur de Lion, in 1190, to Richard 
join the crusade to the'Holy Land, consisted of nine ships, Cceur de 
which are described as being of extraordinary size, 150 ^*°"J|qq 
others of inferior dimensions, and only 38 galleys. After ^^* 
the reduction of Cyprus, and the addition of the vessels 
captured there, with others which he had hired at Mar- 
seilles and in Sicily, his armament consisted of 254 " tall 
shippes, and about three score galliots." The increase was, 
therefore, almost wholly in the ships. This, together with 
the recorded fact, that he captured a Saracenic vessel of 
such size as to be capable of containing 1500 Saracens, and 
a large quantity of military stores, destined for the relief of 
Achon, tends to prove that the progress of naval architec- 
ture, under the influence of the commercial powers of the 
Mediterranean, had been more rapid than in these northern 
seas, where the commerce was much more confined in its 
nature, and the nations bordering on which were in con- 
stant warfare with each other. 

The Norman monarchs appear to have been very tena- Sovew^ign- 
cious of their claim to the sovereignty of the narrow seas ; *y o^ ***• 
and not only their claim, but their power to maintain their ■*^"' 
right, is admitted by the French historians. The Pdre 
Daniel sanctions the claim of Henry H. to this sovereignty. 

In the reign of John the fleets of England were of such John, 
importance that the claim was extended; for it was then^°- ^^^^« 
enacted, that if the masters of foreign ships should refuse 
to strike their colours, and thus pay homage to the English 
flag, such ships should be considered as lawful prizes. This 
monarch most carefully fostered the naval power of Eng- 
land ; and it is in the records of the thirteenth year of this 
reign that mention is first made of any public naval estab- 
lishment. There is in the close rolls, published by the Early ori- 
Uecord Commission, an order, which is dated the 29th of g*° of 
May 1212, from the king to the sheriff of the county of^^'jj^lj 
Southampton, in which he is directed without delay to cause dockyard, 
the king's docks at Portsmouth to be enclosed by a good 
and strong wall, in order to protect the king's galleys and 
sliip's ; and also to build storehouses against this wall, for 
the preservation of the fittings and equipment of the 8ai<i 
vessels ; all of which works are to be performed under the 
direction of W'illiam, archdeacon of Taunton, and tlie 
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HCitory. (^eatest dilif;cnce is to be used, in order that the whole may 
y^m^/-^ be completed during the summer. 

Edward I. ^^^ naval power of England appears to have continued 
A.D. 1S72. sufficient to maintain the sovereignty assumed by John. 
For the occurrence of predatory excursions by some Genoese, 
during the reign of Edward I., caused all the nations of 
Evrope, bordering on the sea, to appeal to the kings of 
England, whom they acknowledged to be in peaceable pos- 
session of the " Sovereign Lordship and Dominion of the 
Seas of England, and Islands of the same ;" which proves 
that their claim was generally acknowledged. This docu- 
ment,* Evelyn says, was still extant in his time, in the 
archives of the Tower. The right to the absolute sove- 
reignty of the seas was maintained up to the reign of James 
I. Queen Elizabeth insisted on and maintained her power 
to refuse or grant passa^^e through the narrow seas, accord- 
ing to her pleasure. In 1634 Charier T asserted his right 
to their sovereignty; and in 1654 the Dutch were com- 
pelled, afler a severe struggle, to submit to it, and consent 
to '^ strike their flags and lower their top-sails on meeting 
any ship of the English navy on the British seas ;*' which 
homage the commanders of English men-of-war were in- 
structed to exact from all foreign vessels until so lately as 
the close of the last war, when it was judiciously aban- 
doned, for the following reasons, as given by Sir John 
Barrow. In his Life of Hotvey with reference to Trafalgar, 
he says, ** That battle, moreover, having so completely 
humbled the naval powers of France and S))ain, suggested 
to the consideration of the Board of Admiralty, with the 
approbation of the government, the omission of that arbi- 
trary and offensive article which required naval officers to 
demand the striking of the flag and lowering of the top-sail 
from every foreign ship they might fall in with. That in- 
vidious assumption of a right, though submitted to generally 
by foreigners for some centuries, could not probably have 
been maintained much longer, except at the cannon's 
mouth ; and it was considered, therefore, that the proper 
time had come when it might, both morally and politically, 
be spontaneously abandoned." 

It is generally supposed that ships intended only for sail- 
ing were first built by the Genoese, and that not until the 
beginning of the fourteenth century. It is perhaps more 
probable, that in the Mediterranean they date from an earlier 
period than tins ; and that although the general adoption 
of the galley in Western Europe had much checked the 
art of navigation by means of sails, it had never been wholly 
lost, but that sailing vessels, though probably very few in 
number, and imperfect in rig, had been constantly in use. 
To judge from the few hints handed down to us by history, 
they were probably luggers, and were adopted for mercan- 
tile purposes along the coast of the Channel and the Bay of 
Biscay. In the north of Europe sails had never been dis- 
continued, but the more warlike galleys of England and 
France prevented the incursions of the northern nations 
with such vessels into these more southern seas. 

The beginning of the fourteenth century is decidedly an 
epoch in the histories both of navigation and of naval archi- 
tecture, and from it may be dated the general introduction 
of sails and many other appliances. It is generally supposed 
that the '^ large ships" mentioned in the enumeration of 
the fleets of this period, were ships built only for sailing, 
and intended for those long voyages which the invention 
of the compass by Flavio Gioio, a Neapolitan, about the year 
1300, had rendered of comparatively easy performance. 
Mftrlner*s It has been surmised that the compass was brought to 
eompasi. Europe from the East about forty years previous to this 
date, by Paulus Venetus. It is certain that the Portuguese 
i'ound the knowledge of the magnetic needle generally and 
.ong diffused among the eastern navies. Evelyn says, that 
** it was, near eighty years after its discovery, unknown in 
Britain." This is not improbable, for there does not re- 
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main much record of maritime affairs in the interval be- History, 
tween the reigns of John and Edward III. ^"^^^^^ 

The reign of this latter monarch, however, was, after a Edward 
most severe struggle with France for supremacy on tlie m* 
seas, the era of a series of naval triumphs, and both navi- ^"^ '^^^* 
gation and naval architecture made most decided advances. 

In an engagement which took place in 1340, the French Naval 
force amounted to 400 vessels, or which 120 were ** large ^•wle. 
ships," these being principally Genoese mercenaries. Ed- 
ward III. commanded the English fleet in person, which 
consisted of but 260 sail. The French are variously re- 
ported to have lost 20,000 and 30,000 men, and 200 vessels 
are said to have been captured. The loss to the English 
was only 4000 men. Two £su:t8 are elicited by the ac- 
counts of this engagement ; one is, that there is no mention 
of galleys as forming any part of the fleets ; the other is, that 
in the James of Dieppe, which was captured by the Earl of 
Huntingdon, 400 persons were found slain ; consequently 
the size of the vessel must have been very considerable. 

In 1344 Edward summoned commissioners from all the Royal fleet 
ports, to meet in the metropolis, provided with the state of 
their ** navies." The roll of this fleet is inserted in the first 
volume of Hackluyt, from a copy in the Cottonian Library. 
The total numbers were 710 ships, and 14,151 mariners; 
and there were 38 foreign ships, with 815 mariners. From 
this roll it will be seen that it was about this time that gal- 
leys ceased to be used by England for war or commerce, as 
neither among the king's ships nor among those furnished 
by merchants is there any mention of them. This fleet 
was that engaged in the celebrated siege of Calais, and it Use of caii- 
was probably at this time that cannon were first employed °o>>* 
by the English. Camden, in his Bemains^ says, ^' Certain 
it is, that King Edward III. used them at the siege of 
CaUis in 1347> 

Although from the fact of there being a royal dock-yard Sites of 
at Portsmouth so early as the reign of John, it is probable Edward's 
that the kings of England were possessed of a navy almost •^*P*' 
from the conquest ; yet this roll of Edward's fleet contains 
the first enumeration of ships belonging to the sovereign, 
and employed in the service of the state, which occurs in 
English history ; and consequently it is from the reign of 
Edward III. that the formation of a royal navy must be 
dated. The king's ships were 25 in number, and were 
manned by 419 mariners. It appears that the vessels be- 
longing to the sovereign were inferior in force to many 
of those which were supplied by subjects ; for the average 
number of the crews of the king's ships were 17 men to 
each vessel, while the average of the fleet was rather above 
20. Of course these numbers only include the mariners 
employed in navigating the vessels, and not the soldiers 
to be afterwards embarked on board them. Considering 
the simplicity of the rig of these ships, in comparison to 
the wilderness of canvas and cordage covering the tall 
masts of a modem merchantman, there is more reason to 
be astonished at the large number of hands employed, than 
at the smallness of the averages, 17 and 20. There is 
good reason to suppose that the addition of the bowsprit 
to the rig of ships dates no farther back than late in the 
reign of Eklward III., which is alone quite sufficient to 
prove the very imperfect state of the navigation at that 
period, and also to excite astonisliment that, witli such ap- 
parently inadequate means, so much was effected ; for 
nistory would almost lead us to supoose that, for all the pur- 
poses of war and commerce, fleets as proudly or as in- 
dustriously ploughed the main then as now^ *^ with all 
ai)pliances and means to boot." 

In the year 1381, the fourth of the reign of Richard II., Richard 
the first navigation act was passed in England, for the en- }^' 
couragement of the naval interest and the augmentation of "^[jJ^J^Jl^j' 
our maritime power, by discountenancing the employment "^ 
of foreign shipping, it enacted, '* That for increasing the 
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shipping of England, of late much diminished, none of the 
king's subjects shall hereafler ship any kind of merchandize, 
either outward or homeward, but only in ships of the king's 
subjects, on forfeiture of ships and merchandize, in which 
ships also the greater part of the crews shall be of the king's 
subjects." This act was not, however, enforced, permis- 
sion being given to hire foreign shipping when there were 
no English ships in readiness. 

It has been remarked above, that the royal navy of Eng- 
land must date firom the reign of Edward III. There is 
proof that it continued to be customary for the sovereign to 
possess ships ; they were, however, used both for war and 
commerce. This practice, which does not at all militate 
against the existence of a royal navy, appears to have 
commenced when '* large ships" were substituted for tlie 
galleys as vessels for war ; and it long continued to be usual 
for merchants to hire shipping from the sovereign for com- 
mercial voyages. The proceedings of the privy council, 
which have been printed by the Record Commission, show 
that in June of the year 1400, Henry IV. ordered his ** new 
ship," together with such others as were in tlie port of 
London, to proceed against the enemy. There is also a 
letter in the Cottonian Library, which has been printed in 
Ellis's Collection cf Letters^ from John Alcetre to King 
Henry V., concerning a ship building for that monarch at 
Bayonne. The letter is of the date of 1419 ; and as it 
contains more minute details than might be expected to 
have descended to us from such an early period, we give 
tlie following extract : — '' At the makyng of this letter yt 
was in this estate, that ys, to wetyng xxxyj. strakys in hyth 
y bordyd, on the weche strakys hyth y layde xj. bemys ; 
the mast beme ys yn leynthe xlvj. comyn fete, and the heme 
of the hameron afore ys in leynthe xxxix. fete, and the beme 
of the hameron by hynde is in leynthe xxxiij. fete ; fro the 
onemost ende of the stemme in to the post by hynde ys in 
leynthe a hondryd iij^ and vj. fete ; and the stemme ys in 
hithe iiij"* and xvj. fete; and the post xlviij. fete; and the 
kele y in leynthe a hondryd and xij. fete ; but he is y roty t, 
and must be chaungyd." 

We have also evidence of the existence of ships which 
belonged to the monarch, in contradistinction to ships which 
belonged to the '* commons," in the quaint rhymes of an 
anonymous author of the year 1433, which have been 
preserved by Hackluyt, termed The Prologue of the pro- 
cesse of the Libel of English policie^ exhorting all England 
to heepe the sea, and namely, the narrowe sea, showing 
what profile commeth thereof, and also what worship and 
saluation to Englandy and to all Englishmen, 
** And if I should conclude all by the king 
Ilenrie the Fift, what was his purposing, 
Whan at Hampton he made the great dromons, 
Which passed other great ships of all the commons ; 
The Trinitie, the Grace de Dieu, Holy Ghost, 
And other raoe, which as nowe bee lost. 
What hope ye was the king's great intent 
Of thoo shippes, and what in minde hee meant : 
It was not ellis ; but that hee cast to be 
Lorde round about environ of the sea." 

The term dromond is the corruption of a Levantine term, 
dromones, imported probably by the crusaders. The dro- 
monds were long row-galleys, but the adopted term dro- 
mond was appli^ generally to all large ships. 

There is a list of Henry's vessels in the fourth year of his 
reign preserved in the proceedings of the privy council. 
His navy then consisted of three '' large ships," or "grands 
niefs," three *' carracks," eight barges, and ten balingers. In 
1417 it was augmented to three " large ships," eight *' car- 
racks," six other ships, one barge, and nine balingers. 

Again, in a letter preserved among the Cottonian manu- 
scripts, and printed in Ellis's collection, it is stated that 
the Spaniards offered Henry V. two carracks for sale, one of 
which is described as of a tonnage eqiud to 1400, and the 



other to 1000 butts. So energetical was Henry V. in all History, 
things relating to his navy, and the consequent increase in V^»^^^^ 
the number of the royal ships during his reign was so great, 
as to have led to the error that before his time the sove- 
reigns of England were not possessed of vessels, but relied 
wholly upon the aid to be gathered from the different ports 
of England, or to be hired from foreigners. This is evi- 
dently incorrect. 

On the death of Henry V. a different line of policy ap- Neglect of 
pears to have been adopted; for in May 1423 tlie king's the nsTy. 
ships were all sold at Southampton, under a restriction that 
no foreigner could be a purchaser of them. But it appears 
tiiat a long period did not elapse before the depressed state 
of the naval resources of the kingdom, consequent on this 
injudicious measure, attracted the attention of parliament. 
The following interesting quotation from the preface of the 
fifth volume of the Proceedings of the Privy Council, printed 
by the Record Commission, refers to this event: — ** In 
1443 the attention of parliament was directed to this im- 
portant part of the national defence (the naval force), and a 
highly curious ordinance was made for the safeguard of the 
sea. From February to November eight ships with fore- 
stages, or, as they were sometimes called then, as now, 
forecastles, armed with 150 men each, were to be constantly 
at sea. Every large ship was to be attended by a barge 
of 80 men, and a balinger of 40 men. There were also to 
be ^awaiting and attendant upon them' four *spynes' or 
* spinaces,' witli 25 men each. The whole number of men 
in these 24 ships was 2240." 

There is also in the same preface an account of the va- 
rious kinds of ships which formed the navies of this period, 
a part of which we shall quote, and by the addition of some 
further information of the same nature, derived from Frois- 
sart, Monstrelet, and other sources, the reader will be en- 
abled to form a tolerably correct opinion as to the state of 
naval architecture in England previous to and during the 
fifteenth century. 

Ships. *' The burthen of the largest ships at that period Ships, 
probably did not exceed 600 tons, though some of them 
were certainly very large," as, for instance, tlie vessel built 
at Bayonne for Henry V., already mentioned. *^ One 
which belonged to Hull was released from arrest" (she 
having been pressed into the king's service), ^' because she 
drew so much water that she could not approach within two 
miles of the coast of Guienne, where the Duke of Somer- 
set's army intended to disembark;" and several notices 
occur of ships of 300 and 400 tons and upwards. Some had 
three and others only two masts, with short topmasts, and a 
'* forestage " or ** forecastle," consisting of a raised platform 
or stage, which obtained the name of casde from its con- 
taining soldiers, and probably from its having bulwarks. In 
this part of the ship it appears business was transacted ; 
and in the reign of Edward HI., if not afterwards, ships had 
sometimes one of these stages at each end, as ships ^^ ove 
chastiel devani et derere** are then spoken of. Lydgate, 
describing the fleet with which King Henry V. went to 
France after the battle of Agincourt, says, 

'* Fifteen hundred ships ready there be found, 
With rich saiis and high topcastle." 

This is a confusion of terms. The " topcasdes" were not 
the forecastles, but were castellated enclosures at the mast- 
heads, in which the pages to the officers were stationed 
during an engagement, in order to annoy tlie enemy with 
darts and other missiles; as is frequently mentioned in 
Froissart, and is represented in the illuminations to his work. 

Carrachs "were vessels of considerable burthen, and Carracks. 
were next in size to great ships, in which class they indeed 
were sometimes included. Their tonnage may be estimated 
by their being in some instances capable of carrying 1400 
butts ; and the sail of one afforded Chaucer a strange simile 
expressive ot' magnitude, 
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* And now hath Sathanas, saith he, a tayl 
Broder than of a carrike it the sayl.' 



Though occasionally armed and employed against the enemy, 
rhey were more generally used in foreign trade." 

Charnock says that the first carrack which was built in 
£ng]and was built for a merchant, John Tavenier of Hull, 
who was consequently honoured by Henry VI. with distin- 
guished favour; and she was licensed in 1449 with parti- 
cular privileges to trade through the Straits of Morocco. 
The king also ordered her to be called the *' Grace Dieu 
Carrack." The license states her to have been built " by 
the help of God and some of the king's subjects." 

Barges. Barges " were a smaller kind of vessel and of different 

construction from ships, though, like them, they sometimes 
had forecastles. Those appointed to protect the seas in 
1415 were of 100 tons burthen, and contained forty mari- 
ners, ten men-at-arms, and ten archers ; whilst the ships 
employed on the same occasion were of 120 tons, and had 
forty-eight mariners, twenty-six men at arms, and twenty- 
six archers each. Four large barges and two balingers 
were capable of holding 120 men-at-arms and 480 archers 
and sailors." 

Batingers. Balingers '* were still smaller than barges, had no fore- 
castle, and sometimes contained about forty sailors, ten 
men-at-arms, and ten archers." Froissart makes frequent 
mention of" balniers," ** balleniers " which he describes " as 
drawing little water, and being sent in advance to seek 
adventures, in the same manner as knights and squires, 
mounted on the fleetest horses, are ordered to scour in 
front of an enemy, to see if there be any ambuscades." 
Monstrelet speaks of one vessel that was employed by Louis 
XI. to abduct the Count de Charolais, by the two names 
ballenier and balayer. It is not improbable that the name 
is derived from the French word baleine^ and that its origm 
was similar to that of our English name whaler. The whale- 
fishery in Biscay was of a very early date. 

Galleys. Galleys ** are frequently mentioned at a very early 

period ; and in the oth Rich. II., 1381, the Commons 
complained that no measures had been taken to resist the 
enemy, who had attacked the English at sea with their 
barges, galleys, and other vessels. In 1405 Henry IV. 
directed his council to apply to the King of Portugal to 
lend him his galleys to assist the English navy against the 
French." 

In Sir Grenville Temple's Travels in Greece and Turkey 
the following description of a Maltese galley, or, more cor- 
rectly, galleas, made from an old model preserved there, 
will be found : — " These galleys measured 169 feet 1 inch 
in length, and 39 feet 6 inches in breadth. They had three 
masts with latine sails, and were propelled by forty-nine 
oars, each 44 feet 5 inches long. Their armament con- 
sisted of 1 thirty-six pounder, 2 of twenty-four, and 4 of 
six, all on the forecastle, which in those days had in reality 
some appearance of a castle. On each side of the vessel, 
afl of the forecastle, were 4 six-pounders." The total crew, 
including galley-slaves, consisted of 549 persons. 

Oalleas. The GalUas and the Galleon appear to have been suc- 

cessive improvements on the original galley, rendered ne- 
cessary by the introduction of cannon into naval war&re. 
The artillery introduced on board the early galleys was 
placed either before or abafl the rowers, and to fire in tlie 
direction of the length. In the galleas, a description of 
vessel first used at the battle of Lepanto, guns were also 
placed between the rowers, to fire from the broadside. 
Evelyn describes the galleases he saw at Venice (1645) as 
being 'Vessels to rowe of almost 150 foote long and 30 
wide, not counting prow or poop, and contain twenty-eight 
banks of oares, each seven men, and to carry 1300 men, 
with three masts." In the ealleon the oars ceased to be 
the principal means of propulsion, and if used at all, were 
only 80 as occasional aids. The galley and galleas had 



overhanging topsides for the accommodation of the oars. History; 
In the galleon, on the contrary, tlie topsides ^' tumbled V^^v^^ 
home" to so extraordinary an extent, that the breadth at 
the water was twice that at the topside, a fashion which has 
continued, but in a much less degree, to the present time. 

Spi/nes or apynaces^ "now called pinnaces, seem to haveSpynesor 
been large boats, capable of holding twenty-five men, and'py°»cc«« 
were probably used for swiftness. To these must be added 
crayers, hulks, gabarres or gnbbars, a kind of fiat-bottomed 
boat, used in shallow rivers." The French still continue 
to apply the term " gabarre" to store-ships. 

" Playtes, cogships, whence perhaps cogs and coggles are Playtes 
derived; farecrofrs, passagers, which were perhaps boats •"^J ■™*^1«' 
used between England and France ; and cock-boats, a small ^•"•^ 
boat which attended upon all kinds of ships. The whole 
of these vessels were employed in conveying goods or pas- 
sengers, and most of them on rivers or in the coasting 
trade. The ships, carracks, barges, balingers, and galleys, 
were employed equally for commerce or for war. When 
sent against the enemy, soldiers were put on board of them ; 
and it is most likely they were at all times partly manned 
by soldiers. In foreign voyages they usually sailed in con- 
voys ; and it was a very ancient custom for the masters and 
sailors to elect their own admiral." 

In Burchctt's account of the unfortunate action in the Foi^tn or 
Bay of Conquet, in 1513, in which the Lord High Admiral, ^oy"*** 
Sir Edward Howard, lost his life, fo\iv foists are mentioned 
as forming a part of the French force. They were proba- 
bly vessels of a similar character with the galley, but smaller 
in size. About the beginning of the seventeenth century, 
** carracks," " galleons," and •* tall shippes," appear to have 
become synonymous terms. 

The term hulk originally was applied in a different sense Hulks. 
h*om that which is stated in the part of the foregoing 
remarks which we have quoted from the preface to the 
proceedings of the privy council. Frequent allusion is 
made to hulks in documents of the fifteenth and sixteenth 
centuries. In a letter from Sir Thomas Seymour to the 
privy council, 'dated the 13th of November 1544, when in 
command of the *' sliipes whyche was a poyntede to kepe 
the Narrow Sees," vindicating himself for putting back on 
account of a storm, there is tlie following passage, from 
which it might almost be inferred that hulk was a general 
name synonymous with ships : — '^ Thre holkes that come 
after me colde nott gelt syght thereof (the 'Eylle of 
Wyght') tyll they warre in a bay on the est syde of the 
Eylle, of the whyche Mr Strowd, Bramston, and Battersebe 
of the garde, God rest their sowles, was in on of them, 
whyche holkc brake all her ankeres and cabelles, and she 
brake all to peses on the shorr, and but 41 of 300 saved a 
lyve. The other two rode out the storme, whyche lasted 
all that nyght and the next day. My brother (Sir Hy Sey- 
mour) and John Roberdj of the garde, tryde the sees all the 
fiirst nyght, and the next day cam into Dartemouth haven, 
wharre my brothers holke strake on a roke and brest all to 
peses ; but God be praysede, all the men warre savede, 
savying thre ; and a nother new holke that tryde the sees 
that nyght brake thre of her hemes, and with moche ado 
came into the Wyght." 

Again, in a letter from Lord Viscount Lisle, Baron 
Mai pas, the Lord High Admiral of England, to Henry 
VIII., there is an announcement, that ^* their is cum into 
the Downes 30 sayle of hulkses, whereof sum be tall 
shipes." And again, in a letter from the same to the Lord 
Chamberlain, Lord St John, he speaks of having detained 
'* 3 grate hulkes bound, as they say, for Lusshborne, the 
leste of y" 500 tunnes." And again, from the same to the 
same, he speaks of his former letter and the "goodly hulkes," 
and says, " sithens that tyme I have stayed other too, which 
in beautye and well appoynting are beyond the others. That 
I have last stayed ys a shipe of 600 at the least, and hath 
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5 toppes, and bhe ys of the town of Dansick, and ladon in 
Flanders for Lusshbourne." 

The importance of the mercantile shipping of England 
during the fifteenth century must have been considerable. 
About the middle of it flourished the celebrated William 
Canynge, a merchant of Bristol, who built the church of St 
Mary's, Redcliff, in that city, in which church he was buried 
in 1474. This man appears to have been much in advance 
of the rude times in which he lived. His mercantile trans- 
actions were on so extensive a scale, and carried on in ves- 
sels of such large size, that they must have had an important 
influence in improving the navies of the period. The in- 
formation which has descended to us respecting him is 
therefore not only a fact of much historical interest, but is 
one which is intimately connected with, and most materially 
affects, our subject. He was a great patron of the arts, a 
friend and protector of genius, and eminent for his virtue 
and piety. From an inscription upon his tomb, a tradition 
lias become current, that Edward IV. took 2470 tons of 
shipping from him, he having *' forfeited the king's peace ;" 
ana for the obtaining of which again, it is stated that Ed- 
ward accepted these ships instead of a fine of 3000 marks. 
The Itinerary of William of Worcester, preserved in the 
library of Bennett College, Cambridge, gives the names of 
Canynge*s vesselsi, among which are the Mary and John of 
900 tons, Mary Redcliff of 500 tons, and Mary Canynge of 
400 tons. The same authority gives the names and ton- 
nage of other large ships belonging to Bristol merchants, 
among which are the John of 511 tons, and the Mary Grace 
of 300 tons. If there be any truth in the tradition of the 
confiscation of the shipping, it is probable that the inscrip- 
tion on the tomb may refer to some act of Canynge's in 
favour of the house of Lancaster, as he appears to have 
enjoyed the favourable opinion of Henry VI. Another 
account, which, it is said, is authenticated by the original 
instrument in the Exchequer, states that diis Canynge 
assisted Edward IV. with a loan, and received in return a 
license to have 2470 tons of shipping free of imposts. In 
Corry's History of Bristol it is said, " the commerce and 
manufactures of Bristol appear to have made considerable 
progress during the fifleenth century, about the middle of 
which flourished the celebrated Canynge. This extraordi- 
nary man employed 2853 tons of shipping, and 800 ma- 
riners, during eight years. Two recommendatory letters 
were written by Henry VI. in 1449, one to the master- 
general of Prussia, and the other to the magistrates of 
Dantzic, in which the king styles Canynge his beloved 
eminent merchant of Bristol." 

Some doubt must always remain as to the actual size of 
the shipping of this remote period, as we cannot ascertain 
the bulk that was then considered as equivalent to a ton. 
It is probable that the tonnage was estimated according to 
the number of butts of wine that a vessel could carry. For 
we find references to ships sometimes by tonnage, and 
sometimes by the "portage" of so many butts. 

This, however, is only a question as to exactness of size. 
In whatever way measured, Canyn«;e's ships must have been 
of very considerable dimensions. It is rather extraordinary, 
that at the unsettled period in question Bristol should have 
enjoyed such a state of commercial prosperity as the owner- 
ship of such shipping as that enumerated by William of 
Worcester necessarily involves. Bristol, for many centuries, 
was only second in mercantile importance to London ; but 
the civil wars which distracted the kingdom during a great 
part of the fifleenth century must have much retarded the 
increase both of the military and the mercantile navy of 
England ; and only when order was again re-established by 
the accession of Henry VH. to the throne, in 1485, could 
men's minds revert from the internal excitement of party 
strife to external affairs. 

In this interval, in which England was torn by the wars 



of the houses of York and Lancaster, naval science had Hbtoiy 
made more rapid strides than in any previous period of^^m^^^^mm/ 
similar duration. The compass was not only known but Progren of 
was generally adopted. Navigators could take observations naval im- 
by the use of an instrument called the astrolabe, invented provemeot 
by the Portuguese. The Spaniards and Portuguese were CompaM. 
sufliciently advanced in the art of navigation to sail on a Astrolabe, 
wind, ana tlieir smaller vessels, at least, were adapted for 
this manoeuvre. New maritime states had started into 
existence. The Netherlands, until then scarcely known, N«ther- 
was, under the Duke of Burgundy, the most formidable l"»da. 
naval power in the north of Europe. " His navy," says 
Philip de Commines, ** was so mighty and strong, that no 
man durst stir in those narrow seas for fear of it, making 
war upon the king of France's subjects, and threatening 
them everywhere ; his navy being stronger than that of 
France and the Earl of Warwick joined together." Ve- Venice, 
nice, in 1420, according to Denina, in his Revolutions of 
Italy^ supported 3000 merchant-ships, on board of which 
were 1 7,000 seamen. They employed 300 sail of superior 
force, manned by 8000 seamen ; had forty-five carracks, 
with 11,000 men to navigate them; and her arsenals em- 
ployed 16,000 carpenters. Portugal had pushed her dis- 
coveries round the Cape, and Spain had added America to 
the world. 

The progress of discovery by the Portuguese to tlie south Portugal, 
and east, and by the Spaniards to the west, in the voyages Spain, 
of Columbus, with the consequent rapid increase in the 
importance of these two powers, and the influence of their 
discoveries on the state of Europe, renders the fifteenth 
century probably the most important of modern history. In 
it was given the death-blow to the increase of the Saracenic 
power, and to tliat of the Mediterranean states. The 
Turk, the Venetian, and the Genoese, had hitherto been 
the monopolizers of the commerce of the east. The dis- 
covery of the passage round the Cape of Good HopePastage 
opened this trade to all nations. The commercial sceptre, ^^^^ the 
and consequently the military sceptre, hitherto shared by q^ « 
the Turk, passed wholly from the infidel to the believer. ^^*' 

The crescent sank before the cross. 

There can be no doubt, also, that the " tormentas** of the ^*» in^n- 
^^ grao Cabo de boa Esperd^a^ were a means of great im- •'^ce <>« 
provement in naval architecture ; for, in consequence of the ^JiJ^^re. 
representations of Bartholomew Diaz, John II. of Portugal 
ordered ships to be constructed for the especial purpose of 
contending with the stormy seas of the Cape of Good 
Hope. The ships were built to form the squadron of Vasco 
de Gama, and were of small tonnage, from the very proper 
idea that small vessels were more adapted to prosecute re- 
searches in unknown seas than those of a large size, and 
consequent increased draught of water. 

The squadron of Vasco de Gama consisted of three ships Squadron 
and a caravella. One of the ships was of the burthen of °f ^*^" 
200 tons, another 120, and the third 100; the caravella was "® ^*'"*" 
of 50 tons. The largest of the ships was a victualler ; the 
smallest was intended to prosecute discovery up creeks and 
shallows ; and the other was for a display of force. As it is 
evident that it was not increase of dimensions which was to 
be the object in designing new vessels, the direction of im- 
provement must have been towards perfecting their forms, 
strengthening their frames, and adding to the efficiency of 
their materiel. Portugal by these means became the most 
advanced state of Europe in knowledge of the art of ship- • 
building ; for it was long supposed that the passage to India 
required ships such as the Portuguese alone could build. 
Spain, in her career of discovery, conquest, and coloniza- 
tion across the mighty waters of the Atlantic, as if to 
assimilate the means to the vastness of her achievements, 
rapidly acquired tlie art of constructing ships of very large 
dimensions; and as long as she possessed a marine, her 
ships maintained this superioritv. 
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There is a curious instance of the light in which naval 
* enterprises were considered in England at this time, not- 
withstanding the earnest desire of the monarch to re- 
establish his navy, which had necessarily suffered from the 
long civil wars. A letter from Henry VII. to the Pope is 
preserved in the Cottonian Library, excusing himself from 
sending succour against the Turk, from which tlie following 
is a quotation : — " The Galees comraying from Vennest o 
England be commonly vij. monethes sallying, and some- 
times more ;" and again, '* it should be May or they should 
be ready to saill, and it shall be the last end of September 
or the said shippes shuld passe the Streits of Marrok ; and 
grete difficultie to fynde any Maryners hable to take the 
rule and governance of the said shippes sailying into so jeo- 
pardons and ferre parties." 

There is a drawing extant in the Pepysian Library in 
Magdalen College, Cambridge, of the Henri Grace i Dieu, 
built by the order of Henry VII., which Charnock has 
engraved in his History of Marine Architecture, and argues 
as to the general authenticity of the representation. He 
says, '* this vessel may be termed the parent of the British 
navy. This celebrated structure, the existence of which is 
recorded in many of the ancient chronicles, cost the king, 
by report, nearly 14,000 pounds." 

From this drawing may be traced the derivation of one 
or two names which have been preserved even to the pre- 
sent hour ; as, for instance, the " yard-arm," no doubt from 
the ends of the yards being armed with an iron hook. The 
castellated work from which has arisen the term ** forecastle" 
is earlier than this ; and the buckler-ports are most probably 
derived from a yet earlier period, when the bucklers of the 
knights were ranged along the sides of the ship, as they 
are represented in the illustrations of Froissart, and of the 
early chroniclers, and even in the Bayeux Tapestry. 

" The masts we're five in number, inclusive of the bow- 
sprit, an usage which continued in the first-rates without 
alteration till nearly the end of the reign of King Charles I.; 
they were without division, in conformity with those which 
had been in unimproved use from the earliest ages. This 
inconvenience it was very soon found indispensably neces- 
sary to remedy, by the introduction of separate joints, or 
top-masts, which could be lowered in case of need." 

The drawing shows two tiers of ports. The introduction 
of port-holes is said to be an improvement due to a French 
Khip-builder of Brest, named Descharges, in the reign of 
Louis XII., and about the year 1500. If the drawing be 
authentic, the correctness of this appropriation of the merit 
of the introduction of port-holes may be questionable. 

Again, if the drawing be a correct representation of the 
vessel, she would have been in danger of upsetting, ex- 
cepting in calm weather, and when her course was with the 
wind. In fiict, as yet the large ships of war of England 
were not at all adapted to sail on a wind, and were very 
ill provided with such sails as would enable them to do so ; 
they had therefore nothing to fear from the result of a 
measure which could not be put into execution. The 
fleets of war seldom ventured out of port excepting in the 
summer months, and then only when the wind was favour- 
able to their intended course. But very shortly afler the 
date of the building of the Henri Grace k Dieu, great 
improvement took place, and in the reign of Henry VIII. 
there is evidence to prove that sailing on a wind formed 
one of the qualities of the vessels composing his fleets. 
This fact appears to throw some doubt upon the correct- 
ness of the drawing, for it must have required ships widely 
different from any of which that would at all give an idea, 
to have performed the evolution of tacking or wearing ; 
and as the Henri Grace k Dieu was in all probability the 
same ship that on the accession of Henry VIII. was called 
the Regent, she must have formed one in fleets which were 
capable of performing these manoeuvres. It is true that she 



may have been altered to adapt her to these new require- History, 
ments of an improved system of seamanship ; and it must v^.,^^,^^ 
also be said, that she was burned in an action with the a d. 151^ 
French fleet, which occurred as early as the fourth year of 
the reign of Henry VIII. 

Though it is out of the question that ships with the Henry 
enormous top-hamper which, on the evidence of all the ^"^m* 
drawings extant, still continued to be the fashion, could Sailing on 
have made much progress in sailing on a wind, the letters * ^"*^ 
of the time extant corroborate the statement made ; for 
they begin to contain references to this improvement in 
navigation. In a letter from Sir Edward Howard, *' Lord 
Admiral," to King Henry VIII., upon the state of the 
fleet, A.D. 1513, preserved in the Cottonian Library, and 
published in Ellis's collection, the following passage oc- 
curs : — " Ye commanded me to send your grace word how 
every shipp dyd sail ; and this same was the best tryal that 
cowd be, for we went both slakyng and by a bowlyn, and 
a cool acres and abouet in such wyse that few shippes 
lakkyd no water in over the lee wales." The Lord High 
Admiral Lisle, in one of his letters (1645), says the small 
vessels of his fleet could " lye best by a wynde ;" and in 
1667 we have conclusive proof that there were ^'fore and 
aft," indeed " cutter-rigged" vessels on the British seas ; 
as in a map of Ireland of that date, published in the state- 
papers, two such vessels are represented, for the purpose, 
apparently, of indicating regular packets from England to 
Ireland. 

It has been very generally supposed, on the authority of 
Sir Walter Raleigh, that the ** knowledge of the bowline" 
was a discovery in navigation made shortly before his time ; 
but is is probable that there were, even from the time of 
the Northmen, cratl so rigged as to be capable of sailing 
on a wind. Froissart mentions, in several instances, "a 
vessel called a Lin, which sails with all winds, and without 
danger ;" and again, '^ a vessel called a Lin, which keeps 
nearer the wind than any other." Boats with a rig adapted 
for this manoeuvre are also represented in engravings of a 
verv early date. In the plates of Breydenbach's Voi/age 
to Palestine, which was published in 1483, boats and small 
vessels are represented with lateen sails ; and in Braun's 
Civitates Orbis Terrarum, published in 1672, sprit-sails 
are met with. It is quite certain, however, that sailing on 
a wind was by no means a general quality possessed by the 
ships of war, or to any extent even by the greater portion 
of the larger shipping, until about the reign of Henry 
VIII. One other instance may be adduced in the account 
of tlie loss of the Mari Rose, a ship of the ** portage of 
600 tons," not so much to corroborate the fact of sailing 
on, a wind as to show that the two innovations, the intro- 
duction of port-holes and the *' knowledge of tlie bow- 
line," were in advance of the qualities of the large ships of 
war of the time. Sir Walter Raleigh says that, *' in King 
Henry VIII.'s time, at Portsmouth, the Mari Rose, by a 
little sway of the ship in casting about, her ports being 
within sixteen inches of the water, was overset and lost." 

The loss of this ship has been the means of giving Ijohs of the 
another interesting insight into the comparatively low state ^l<^ri ilose. 
of nautical skill in England at this period, namely, the 
middle of the sixteenth century. In a letter among the 
state-papers published under the direction of the Record 
Commission, addressed by the Duke of Suffolk to Sir 
William Pagett, " chief secretary to the kinge's highnes," 
dated the 23d of July 1646, and containing a schedule of 
things necessary to be had for the raising of the Mari Rose, 
one item is ** fifty Venyzian maryners and one Venyzian 
carpenter ;" the next item is " sixty Englisshe maryners to 
attende upon them." It would also appear that the attempt 
was to be made under the direction of an Italian, as the 
conclusion of the schedule is, ** Item, Symond, petrone 
and master in the Foyst, doth aggrie that all thyngs must be 
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had for the purpose aforesaid/* The attempts, however, all 
failed ; the wreck of the Marl Rose remains to this day at 
Spitliead, and so lately as August 1836, several of her 
brass cannon, of most exquisite workmanship, were re- 
covered from the sea by the enterprise and ability of an 
Englishman of the name of Deane. 

Some idea of the detail of ship-building rather before 
this period may be obtained from an account of a vessel 
built by James IV. of Scotland, at tlie close of the fifteenth 
or the beginning of the sixteenth century. The extract is 
from Charnock, but he has not mentioned his authority. 
** The king of Scotland rigged a great ship, called the 
Great Michael, which was the largest and of superior 
strength to any that had sailed from England or France ; 
for this ship was of so great stature, and took so much 
timber, that, except Falkland, she wasted all the woods in 
Fife which were oakwood, with all timber that was gotten 
out of Norway ; for she was so strong, and of so great 
length and breadth, all the wrights of Scotland, yea, and 
many other strangers, were at her device by the king's 
command, who wrought very busily in her ; but it was a 
year and a day ere she was completed. To wit, she was 
twelve score feet of length, and thirty-six foot within the 
sides ; she was ten foot thick in the wall and boards, on 
every side so slack and so thick that no cannon could go 
through her. This great ship cumbered Scotland to get 
her to sea. From that time that she was afloat, and her 
masts and sails complete, with anchors offering thereto, she 
was counted to the King to be thirty thousand pounds ex- 
()en8e, by her artillery, which was very great and costly to 
the king, by all the rest of her orders. To wit, she bare 
many cannon, six on every side, with three great bassils, 
two behind in her dock and one before, with three hundred 
shot of small artillery, that is to say, myand and batterd 
fiEdcon, and quarter falcon, flings, pestilent serpentens, and 
double dogs, with hagtor and culvering, corsbows and 
handbows. She had three hundred mariners to sail her, 
she had six score of gunners to use her artillery, and had 
a thousand men of war, by her captains, shippers, and 
quarter-masters." 

Several of the writers of this period mention the fact of 
a Swedish ship of extraordinary dimensions being built in 
the middle of the sixteenth century, and which was burned 
in an action between the Swedes and Danes in 1564. 
Chapman has given an estimate of the dimensions of this 
vessel. She was called the Makalos (by Charnock, 
Megala). According to Chapman, she was 168 English 
feet in length and 43 English feet in breadth, an immense 
vessel for that period. Her armament was 1 73 guns, 67 
only of which could be considered as cannon, the remainder 
being merely swivels. 

Henry VIII. was deeply sensible of the necessity of a 
permanent and powerful naval force, and established the 
navy office, and also several dockyards for building and 
repairing the ships of the royal navy. Among these were 
Woolwich, Deptford, and Chatham. He also greatly added 
to and improved the dockyard at Portsmouth. He invited 
from foreign countries, particularly from Italy, the com- 
mercial cities of which were still in advance of the rest of 
Europe in the maritime arts, as many skilful foreigners as 
he could allure, either by the hope of gain or by the 
honours and distinguished countenance he paid to them. 
The following extract is from a report made to James I. 
in tlie year 1618, and published in the ArduBologia. It 
was made in answer to a commission issued by that mon- 
arch to the several master-builders. 

The minority of Edward YI., and the civil and religious 
strife which distracted the kingdom during the reign of 
Mary, depressed the resources of the state, and evidently 
much checked the progress of its maritime strength. The 
report says, ''In tormer times our kings have enlarged 



their dominions rather by land than sea forces, whereat History, 
even strangers have marvelled, considering the many ad- ^^m^^^m^ 
vantages of a navy ; but since the change of weapons and a.d. 1547. 
fight, Henry VIII., making use of Italian shipwrights, and Keport of 
encouraging his own people to build strong ships of war, to of inastnr 
carry great ordnance, by that means established a puissant ^"^l^er* 
navy, which in the end of his reign consisted of 70 vessels, 
whereof 30 were ships of burthen, and contained in all 
10,650 tons, and 2 galleys. The rest were small barques 
and row-barges, from 80 tons downwards to 15 tons, which 
served in rivers and for landing of men. Edward VI., in 
the sixth year of his reign, had but 53 ships, containing in 
all 11,005 tons, with 7995 men, whereof only 28 vessels 
were above 80 tons each. Queen Mary had but 46 of all 
sorts." 

There is one peculiarity of ships of war up to tliis time, Peculiar 
which exemplifies the defects of their design in a remark- defect of 
able feature. It is, that the ships built for the royal ^^^ ^ ^ 
navy appear only to have been adapted for the lodgment of J[j*JJ period, 
the soldiers and mariners, with their implements of war, 
and the necessary stores for navigation. The provisions 
were carried in an attendant vessel, called a " victualler," 
of which there was one attached to each of the large ships 
of war in the fleet, or to several of the smaller size. The 
hold appears to have been principally occupied by the 
"cook-room," the inconvenience of which arrangement, 
though much coniplained of, was general when Sir Walter 
Raleigh, in his Dfscourse on the Royal Navy and Sea 
Service, recommended that it should be removed to the 
forecasde ; and even so lately as 1715, several men of war 
had '* cook-rooms" in their holds. There is also no doubt 
that the enormous quantity of ballast which was rendered 
necessary by the immense top-hamper of these ships, and 
the space which it occupiedi from being shingle, leil but 
little room for the stowage of any Quantity of provisions. 
In the ships built for commerce, this defect does not appear 
to have existed, as in flee;^ composed of the king's and of 
private shipping, those ships only which belonged to the 
royal navy had these attendant victuallers. The cook- 
rooms in the merchant shipping were under the forecastle ; 
and they had less top-hamper, as less accommodation was 
required for officers. 

Although the comparative inefficiency of the vessels may Epocb in 
be commented on, it will be apparent that that period in the "Y*^ »''- 
history of naval architecture and of navigation has now been «l>i*®cture. 
entered on in which, though still in their infancy, these arts 
may be considered as perfect in all but the maturity to be 
acqyired bv the experience of years. The marinei^s com- 
pass was known ; the theory of taking observations was 
understood, and the practice of it in the course of being 
perfected ; and therefore the longest voyages could be 
undertaken with comparative certainty and safety. Besides 
this, the ships, though still imperfect, were becoming gradu- 
ally manageable machines, and had ceased to be the cum- 
brous masses of the preceding ages, which, with few ex- 
ceptions, were capable of little more than of being driven 
before the wind. 

If the contents of the foregoing pages be considered. Three 
there will appear to be three epochs in the maritime history epochs In 
of England ; Uie first commencing with the introduction o^^mJ^' 
galleys by Alfred, and ending with the reign of Edward ^^y ^^f 
III., before whose time these galleys and vessels, propelled England, 
by oarsy were the chief instruments of navigation ; the 
second ending with the reign of Henry VII., during which 
period, though sailing vesseb were used for the purposes 
both of war and commerce, they were comparatively at 
the mercy of the winds, and, speaking generally, could sail 
only when they blew both fairly and gently ; the third 
epoch has been already noticed. 

From the extract of the report of the builders, the state 
of the navy during the reigns of Edward VI. and of Mary 
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will be seen. It is known, therefore, that when Elizabeth 
ascended the throne, the marine of England, both military 
and mercantile, was in a very depressed state. Tlie suc- 
cessful enterprise of Drake, and the fear of the Spanish 
Armada, aroused the energies of the country, and the force 
collected to resist the invasion amounted to 197 vessels of 
various descriptions, of the aggregate burthen of nearly 
30,000 tons, 34 of which, measuring together 12,600 tons, 
composed the royal navy. It is true, that by far the larger 
portion were of small force. One only, the Triumph, was 
of 1 100 tons ; another, the White Bear, was of 1000 tons ; 
two were of 800 tons, 3 of 600, six of 500, and five of 
400; sixty-six were under 100 tons; and fifteen were 
victuallers, of which the tonnage is not mentioned. There 
are also seven other vessels included in the 197 which have 
no tonnage assigned them ; but they must have been of 
small size, the number of mariners on board the whole 
seven being only 474. We have very conclusive means of 
comparing the Spanish with the English ships, and also of 
judging how very little naval arrangements were then 
understood, from their imperfect state even on board a 
fleet which had occupied the whole attention of the Spanish 
authorities for a space of three years, exemplified in the 
following anecdote. Burchett, in his account of the action 
of the 23d of July 1588, says, '^The great guns on both 
sides thundered with extraordinary fury, but the shot from 
the high-built S()anish ships flew over the heads of the 
English without doing any execution ; one Mr Cock being 
the only Englishman who fell, while he was bravely fight- 
ing against the enemy in a small vessel of his own." 

The S[)aniards appear to have been the first to introduce 
a third tier of guns, the earliest mention of a three-decker 
being the Philip, a Spanish ship engaged in the action 
off the Azores in 1591, with the Revenge, commanded 
by Sir Richard Greenvil. The following armament of the 
Philip is extracted from a most spirit-stirring account of this 
tremendous action, which was written by Sir Walter Raleigh, 
and has been preserved by Hackluyt. '* The Philip carried 
three tire of ordnance on a side, and eleven pieces in euerie 
tire. Siie shot eight forth right out of her chase, besides 
those of her stern portes." 

The English do not appear to have followed the example 
set by the Spaniards ; for, during the long reign of Eliza- 
beth, the ships of the royal navy were not much, if at all, 
increased in their dimensions, which was probably owing to 
the triumphant successes of her fleets, though they were 
composed of ships generally much smaller in size than those 
opposed to them. From the list of the royal navy at^ the 
time of her death, in 1603, given by Sir William Monson 
in his tracts, of 42 ships com{>osing the navy, there were 
then only two ships of 1000 tons, three of 900, three of 
800, two of 700, four of 600, four of 500, and there were 
eight under 100 tons burthen. Two of these ships, the 
Triumph and the White Bear, are rated in this list each at 
100 tons less burthen tlian in the Hst of the fleet in the 
year 1588, already noticed. 

The mercantile marine was also greatly improved and 
increased during the reign of Elizabeth. This wise monarch 
did all in her power to encourage foreign trade ; and she 
honoured Drake by knighting him on board his own vessel at 
Deptford, after his return from circumnavigating the globe. 
The celebrated Sir Walter Raleigh, under a charter granted 
by her in 1584, commenced trading with America, and his 
successes, with those of others, in trade, as well as in the 
capture of richly laden Spanish merchantmen, prove the 
superiority of tlie English ships of tliis period. In 1600 
the East India Com})any obtained their charter from Eliza- 
beth, and merchant-ships, which proved tlie precursors of 
a fleet of the finest merchantmen, were immediately built 
by them for this distant traffic. 

Shortly aAer the accession of James to the throne, several 



commissions were appointed to inquire into the state of the HUtory. 
navy. From that of the year 1618 a very voluminous V*»s/-—^ 
report emanated, of which the following is an extract, that ▲.». 1603. 
affords an example of the state of knowledge on naval archi- Junee I. 
tecture at that time : — " The next consideration is the *«port of 
manner of building, which in shipps of warr is of greatest ^^ 
importance, because therein consists both their sayling and 
force. The shipps that can saile best can take or leave (as 
they say), and use all advantages the winds and seas does 
afford ; and their mould, in the judgment of men of best 
skill, both dead and alive, should have the length treble to 
the breadth, and breadth in Uke proportion to the depth, 
but not to draw above 16 foote water, because deeper 
shipps are seldom good saylers, and ever unsafe for our 
rivers, and for the shallow harbours, and all coasts of ours, 
or other seas. Besides, they must bee somewhat snugg 
built, without double gallarys, and too lofty upper workes, 
which overcharge many shipps, and make them coeme faire, 
but not worke well at sea. 

" And for the strengthening the shipps, wee subscribe to 
the manner of building approved by the late worthy prince, 
the lord adm"., and the officers of die navy (as wee are in- 
formed),' on those points. 

"1. In makcing 3 orlopes, whereof the lowest being 
placed 2 foote under water, both strengtheneth the shipp, 
and though her sides bee shott through, keepeth it from 
bildgeing by shott, and giveth easier meanes to finde and 
stopp the leakes. 

"2. In carrying their orlopes whole floored throughout 
from end to end, without fail or cutting off y* wast, which 
only to make faire cabbins, hath decayed many shipps. 

'^3. In laying tlie second orlope at such convenient 
height that the [>ortcs may bcare out the whole fire of 
ordinance in all seas and weathers. 

*M. In placcing the cooke roomes in the forecastle, as 
otherr war shipps doe, because being in the midshipps, and 
in the holds, the smoake and heate soe search every corner 
and seame, that they make the okam spew out, and the 
shipps leaky, and soone decay ; besides, the best roome for 
stowage of victualling is thereby soe taken up, that trans- 
porters must be hyred for every voyage of any time ; and, 
which is worst, when all the weight must bee cast before 
and abafl, and the shipps are lefl empty and light in tlie 
midst, it makes them apt to sway in the back, as the Guard- 
land and divers others have done." 

This commission was followed by several others during 
this and the succeeding reign, and from their reports arose 
many regulations tending much to the improvement of 
the navy, although the expenses incurred were, ostensibly 
at least, in part the means of causing the subsequent revo- 
lution. 

In the early part of the reign of James I. the mercantile Mercantile 
navy of England was reduced to a very low state, most of s^ipp^n^ of 
the commerce being carried on in foreign bottoms. The ^*J P*" 
incitement offered by the advantageous trade which the 
Dutch had long engaged in to India at length aroused the 
nation, and the formation of the East India Company, whicn 
was the act of James, was followed by the building of the 
largest ship that had yet been constructed for the purposes 
of commerce, at least in England. The king dined on board Trade*i In- 
of her, and gave her the name of the Trade's Increase, creese. 
She is reported to have been of the burthen of 1200 tons. 
The impetus once given, before the end of the reign of 
James an important mercantile navy was owned by British 
merchants. 

Another interesting fact connected with this reign is the Ship- 
founding of the Shipwrights' Company, in the year 1605, wpighta' 
and which was incorporated by a charter granted to the Company 
'' Master, Warden, and Commonality of the Art or Mys- 
tery of Siiipwrights," in May 1612. Mr Phineas Pett was 
the first master. The draughts for the ships of the royal 
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Davy were subsequently ordered to be submitted to this 
company for approval previously to being built from. They 
also had jurisdiction over all builders, whether of the royal 
navy or of merchant-shipping. 

In 1610 the Royal Prince was launched; she was the 
largest ship which at that time had been built in England, 
and was also a most decided improvement in naval archi- 
tecture. The great projection of the prow, a remnant of 
the old galley, was for the first time discontinued, and the 
stern and quarters assimilated more to those of a modern 
ship than to any which had preceded her. She is thus de- 
scribed in Stow's Chronicle* : — " A most goodly ship for 
warre, the keel whereof was 114 feet in length, and the 
cross-beam was 44 fleet in length ; she will carry 64 pieces 
of ordnance, and is of the burthen of 1400 tons. The great 
workmaster in building this ship was Master Phineas Pett, 
Gentleman, some time master of arts at Emanuel College, 
Cambridge." 

The same gentleman, Mr Phineas Pett, continued the 
principal engineer of the navy during tlie reign of Charles. 
The family of the Petts were the great instruments in the 
improvement of the navy, and, if the term may be allowed, 
of modernizing it, by divesting the ships of much of the 
cumbrous top-hamper entailed on them from the castel- 
lated defences which had been necessary in, and which yet 
remained from, the hand-to-hand encounters of the middle 
ages ; and it is probable that, but for the taste for gorgeous 
decoration which prevailed during the seventeenth century, 
this ingenious family would have been able to effect much 
more ; as it was, they decidedly rendered England pre- 
eminently the school tor naval architectiu-e during the time 
they constructed its fleets. This family can be traced as 
principal engineers for the navy from about the middle of 
the fifteenth century to the end of the reign of William III. 
Evelyn, in his Diary^ relating a conversation, says, 
'* Sir Anthony Deane mentioned what exceeding advan- 
tage we of this nation had by being the first who built 
frigates, the first of which ever built was that vessell which 
was afterwards called the Constant Warwick (built in 1646), 
and was the work of Pet of Chatham, for a trial of making 
a vessell that would sail swiftly. It was built with low 
decks, the guns lying near the water, and was so light and 
swift of sailing, that in a short time she had, ere the Dutch 
war was ended, taken as much money from privateers as 
would have laden her." The dimensions of this vessel are 
given in Pepys's Miscelianies as follows : lengtli of the 
keel 85 feet, breadth 26 feet 5 inches, depth 13 feet 2 
inches, and 315 tons burthen ; her highest number of guns" 
32, and of crew 140. 

Peter Pett, who built the Constant Warwick, was the son 
of Phineas Pett. He caused the fiBu:t of his being the in« 
ventor of the frigate to be recorded on his tomb. He was 
also the builder of the Sovereign of the Seas, in 1637, which 
• was the first three-decker built in England. Her length 
over all is stated to have been 232 feet, her length of kcul 
128 feet, her main breadth 48 feet, and her tonnage 1637. 
Hey wood describes her in the following terms : — " She hath 
three flush deckes and a forecastle, an halfe decke, a quarter 
decke, and a round-house. Her lower tyre hath thirty 
|)orts, which are to be furnished with demi-cannon and 
whole cannon throughout, being able to beare them. Her 
middle tyre hath also thirty ports for demi-culverin and 
whole culverin. Her third tyre hath twentie-sixe ports 
for other ordnance. Her forecastle hath twelve ports, and 
her halfe decke hath fourteene ports. She hath thirteene 
or fouretcene ports more within board for murdering peeces, 
besides a gi^at many loope-holes out of the cabins for musket 
shot. She carrieth, moreover, ten peeces of chase ord- 
nance in her right forward, and ten right aff*; tliat is, ac- 
cording to land service, in the fi'ont and tlie reare. She 
carrietli cleavcn anchors, one of them weighing foure tliou- 



sand foure hundred, &c. ; and according to tliese are her History, 
cables, mastes, sayles, cordage, which, considered together, v^.^/-*^ 
seeing Majesty is at this infinite charge, both for the honour a.d. 1637. 
of his nation, and the security of his kingdome, it should 
bee a spur and encouragement to all his faithful and loving 
subjects to bee liberall and willing contributaries towards 
the ship money." 

Of this ship. Fuller, in his Worthies, says, " The Great 
Sovereign, built at Woolwich, a leiger ship for state, is the 
greatest ship our island ever saw; but great medals are 
made for some grand solemnity, while lesser coin are more 
current and passable in payment." She was afterwards 
cut down one deck, and remained in the service, with the 
character of the best man-of-war in the world, until the 
year 1696, when she was accidentally burnt at Chatham. 

About this time, 1650, appeared the first work connected Sir Walter 
witli naval improvement ever written in this country, and Raleigh's 
by no less celebrated an author than Sir Walter Raleigh. T®'^'^^ 
It is very probable that his two discourses, the one on the ^ gj^^p. 
Invention of Shipping, the other Concerning the Royal ^^^^ con- 
Navy and Sea-Service, had great influence in creating the uming the 
interest which was evidently taken about this period in the Royal Navy 
improvement of the navy. Sir Walter says, " Whosoever V^^^' 
were the inventors, we find that every age had added some- ^^^^*^' 
what to ships and to all things else. And in my owne time 
the shape of our English ships hath been greatly bettered. 
It is not long since the striking of the top-mast (a wonder- 
fully great ease to great ships both at sea and harbour) hatli 
been devised. Together with the chaine-pumpe, which 
takes up twice as much water as the ordinary did, we have 
lately added the bonnett and the drabler. To the courses 
we have devised studding-saylcs, ton-gallant-sayles, sprit- 
sayles, top-say les. The weighing of anchors by the cap- 
stane is also new. We have fallen into consideration of the 
length of cables, and by it we resist the malice of the 
greatest winds that can blow ; witnesse our small Milbroke 
men of Comewall, that ride it out at anchor half seas over 
betweene England and Ireland all the winter quarter ; and 
witnesse the Hollanders that were wont to ride before Dun- 
kirke with the wind at north-west, making a lee-shore in 
all weathers ; for true it is that the length of the cable is 
the life of the ship in all extremities ; and the reason is, 
because it makes so many bendings and waves as the ship 
riding at that length is not able to stretch it, and nothing 
breaks that is not stretched. In extremity, we carry our 
ordnance better than we were wont, because our nether- 
overloops are raised commonly from the water, to wit, be- 
tweene the lower part of the port and the sea. We have 
also raised our second decks, and given more vent thereby 
to our ordnance lying in our nether-overloope. 

" We have added crosse pillars in our royall ships to 
strengthen them, which being fastened from the kelson to 
the beanies of the second decke, keep them from settling 
:)r from giving away in all distresses. 

** We have given longer floares to our ships than in elder 
times, and better bearing under water, whereby they never 
fall into the sea after the head, and shake the whole body, 
nor sinck sterne, nor stoope upon a wind, by which the 
breaking loose of our ordnance, or the not use of them, 
with many other discommodities, are avoided. And to say 
the truth, a miserable shame and dishonour it were for our 
shipwrights, if they did not exceed all other in the setting 
up of our royall ships, the errors of other nations being farre 
more excusable than ours. For the kings of England have 
for many years been at the charge to build and furnish a 
navy of powerfull bhips for their owne defence, and for the 
wars only ; whereas the French, the Spainards, the Portu- 
galls, and the Hollanders (till of late), have had no proper 
flecte belonging to their princes or states. 

•' Only the Venetians for a long time have maintained 
tlieir arsenal of gallyes, and the kings of Denmark and 
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History. Sweden have had good ships for these lost fifty years. I 
^^,^>^^ say that the forenamed kings, especially the Spainards and 
AD. 1650. Portugalls, have ships of great bulke, but fitter for the mer- 
chant than the man of warre, for burthen then for battaile. 
.... Although we have not at this time 135 ships belong- 
ing to the subjects of 500 tuns each ship, as it is said wc 
had in the 24th ycare of Queen Elizabeth, at which time 
also, upon a generall view and muster, there were found in 
England, of all men fit to bcare arms, eleaven hundred and 
soventy-two thousand; yet are our merchants' ships now 
liirre more warlike and better appointed than they were, 

and the royal navy double as strong as then it was We 

have not, there! ore, lesse force than wc had, the fashion and 
furnishing of our ships considered ; for there are In England 
at this time 400 saile of merchants fit for the wars, which 
the Spainards would call gallions ; to which we may add 200 
saile of crumsters or hoycs, of Newcastle, which each of 
them will beare six demi-culvcrins, and four sakers, need- 
ing no other addition of building than a slight spar-decke 
tore and afte, as the seamen call it, which is a slight decke 
throughout. The 200 which may be chosen out of 400, by 
reason of their ready staying and turning, by reason of their 
windwardnesse, and by reason of their drawing of little water, 
and they are of extreame vantage neere the shoare, and in 
all bayes and rivers to turn in and out ; these, I say, alone, 
it ell manned and well conducted, would trouble the greatest 
prince in Europe to encounter in our seas ; for they stay and 
turn so readily as, ordering them into small squadrons, three 
of them at once may give tlieir broad-sides upon any one 
great ship, or upon any angle or side of an enemy's fleet. 
They shall be able to continue a perpetuall volley of demi- 
culverins without intermission, and either sink or slaughter 
the men, or utterly disorder any flecte of crosse sailes with 
which they encounter. 

" I say, then, if a vanguard be ordained of these hoyes, 
who will easily recover the wind of any other ships, with a 
battaile of 400 other warlike ships, and a reare of thirty of 
his majestie's ships to sustaine, relieve, and countenance the 
rest (if God beat them not), I know not what strength can 
he gathered in all Europe to beat them. And if it be ob- 
jected that the states can furnish a farre greater number, I 
answer, tliat his majestie's forty ships, added to 600 before 
named, areofincom|)arable greater force than all that Hol- 
land and Zeeland can furnish for wars." 
(hips of In the foregoing extract there is strong evidence that 

royal navy the ships of the royal navy were generally inferior to those 
inferior to employed by the merchant-service, in the essential qualifi- 
raerchant- nations of being weatherly. This is exactly the conclusion 
that might be arrived at from the consideration, that a pri- 
vate individual would dispense with all that superabundance 
of top-hamper which was entailed on the ships of the royal 
navy, by the accommodation required for the numerous 
officers and gentlemen generally embarked on board them, 
and also by the mania for gorgeous decorations. This mania 
is well exemplified by the fact, that of the Sovereign of the 
Seas it is stated, " She beareth five lanthomes, the biggest 
of which will hold ten persons to stand upright, and without 
shouldering one another." 

Sir Walter Raleigh, in his Discourse on the Royal 
Navy and Sea- Service^ adverts to the same subject. He 
says, ^^ W^e find by experience, that the greatest ships are 
lesse serviceable, goe very deep to water, and of marvellous 
charge and fearefull cumber, our channells decaying every 
ycare. Besides, they are lesse nimble, lesse maineable, 
and very seldome imployed. Grande navio, grande fatica^ 
saith the Spainard ; a ship of 600 tons will carry as good 
ordnance as a ship of 1200 tons; and tliough the greater 
have double the number, the lesser will turn her broad- 
sides twice before the greater can wend once ; and so no 
advantage in tliat overplus of ordnance. And in die build- 
ing of all ships, these six things are princii)ally required : — 
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1. First, that she be strong built; 2. Secondly, that she be iiistorj. 
swift ; 3. Thirdly, tliat she be stout sided ; 4. Fourthly, K^^^,^^ 
that she carry out her guns all weather ; 5. Fifthly, that 
she hull and try well, which we call a good sea ship ; 6. 
Sixthly, that she stay well when bourding and turning on 
a wind is required. 

'* 1. To make her strong, consisteth in the truth of the 
workeman and the care of the officers. 

** 2. To make her sayle well, is to give a long run forward, 
and so aflerward done by art and just proportion. For, as 
in laying out of her bows before, and quarters behind, she 
neither sinck into nor hang in the water, but lye cleare off 
and above it ; and that the shipwrights be not deceived 
herein (as for the most part they have ever been), they 
must be sure that the ship sinck no deeper into the water 
than they promise, for otherwise the bow and quarter will 
utterly S[>oile her sayling. 

'* 3. Tliat she be stout, the same is provided and performed 
by a long bearing floore, and by sharing off above water 
even from the lower edge of the ports. 

'* 4. To carry out her ordnance all weather, this long 
bearing floore, and sharing off from above the ports, is a 
chiefe cause, provided alwayesthat your lowest tyre of ord- 
nance must lye foure foot cleare above water when all 
loading is in, or else those your best pieces will be of small 
use at the same in any growne weather that makes the 
billoe to rise, for then you shall be enforced to take in all 
your lower ports, or else hazard the ship. 

*' 5. To make her a good sea ship, that is to hull and 
trye well, there are two things specially to be observed ; 
the one that she have a good draught of water, the other 
that she be not overcharged, which commonly the king's 
ships are, and therefore in them we are forced to lye at 
trye with our maine course and missen, which, with a deep 
keel and standing streake, she will performe. 

'* 6. The hinderance to stay well is the extreame length 
of a ship, especially if she be floaty and want sharpnesse of 
way forwards; and it is most true, that those over-long 
ships are fitter for our seas than for the ocean ; but one 
hundred foot long, and fiwe and thirty foot broad, is a good 
proportion for a great ship. It is a speciall observation, 
that all ships sharpe before, that want a long floore, will fiili 
roughly into the sea, and take in water over head and ears. 

" So will all narrow quartered ships sinck after the tavle. 
The high charging of ships is it that brings them all ill 

Sualities, makes them extreame leeward, makes them sinck 
eep into the water, makes them labour, and makes tliem 
overset. Men may not expect the ease of many cabbins, 
and safety at once, in sea-service. Two decks and a Jialf is 
sufficient to yield shelter and lodging for men and mariners, 
aud no more charging at all higher, but only one low cabbin 
for the master. But our marriners will say, that a ship 
will beare more charging aloft for cabbins, and that is true, 
if none but ordinary marryners were to serve in them, who 
are able to endure, and are used to, the tumbling and fowl- 
ing of ships from side to side when the sea is never so little 
growne ; but men of better sort and better breeding would 
be glad to find more steadinesse and lesse tottering cadge 
work. And albeit, the marriners doe covet store of cabbins, 
yet indeed they are but sluttish dens, that bread sicknesse 
in peace, serving to cover stealths, and in fight are danger- 
ous to teare men with their splinters." 

In Fuller's Worthies, there is also a short summary of puHcr's 
the comparative qualities of the ships of different nations in Worthiu. 
the middle of the seventeenth century. It is as follows : 
** First, for the Portugal, his cavils and carracts, whereof 
few now remain (the charges of maintaining them far ex- 
ceeding the profit they bring in) ; they were the veriest 
drones on the sea, the rather because formerly their seeling 
was dam'd up with a certain kind of mortar to dead the 
shot, a fashion now by them disused. 
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*'The French, however dexterous in land-battles, are 
left-handed in sea-fights, whose best ships are of Dutch 
building. The Dutch build their ships so floaty and buoyant, 
they have little hold in the water in comparison to ours, 
which keep the better winde, and so outsail them. 

*' The Spanish pride hath infected their ships with lofti- 
ness, which makes them but the fairer markes to our shot. 
Besides the winde hath so much power of them in bad 
weather, so that it drives them two leagues for one of 
ours to the leeward, which is very dangerous upon a lee- 
shore. 

'* Indeed the Turkish frigots, especially some thirty-six 
of Algier, formed and built much nearer the English mode, 
and manned by renegadoes, many of them English, being 
already too nimble heel'd for the Dutch, may hereafter 
prove mischievous to us, if not seasonably prevented." 

During the early part of the seventeenth century, the 
Dutch navy rapidly increased in importance. Their suc- 
cess in having wrested from the Portuguese a share of the 
commerce of the east, emboldened them, in the then de- 
pressed state of the Spanish marine, to make a similar at- 
tempt on the west, and endeavour to establish settlements 
in South America. 

The wars with Spain, in which they were consequently 
engaged, had such an important effect in establishing their 
maritime power, that in 1660 their navy consisted of 120 
vessels fitted for war, seventy of which had two tiers of 
guns ; and their fleet was in all respects the most efficient 
in Europe. 

Evelyn, in his tract on Navigation and Commerce, speak- 
ing of the fisheries, says ^' Holland and Zeeland alone 
should, from a few despicable boats, be able to set forth 
above 20,000 vessels of all sorts, fit for the rude seas, of 
which more than 7000 are yearly employed upon this oc- 
casion. 'Tis evident that by this particular trade tliey are 
able to breed above 40,000 fishermen and 116,000 mari- 
ners, as the census (1639) has been accurately calculated." 

The tremendous struggle in which they were enabled by 
these means to engage with us shortly after this period, in 
consequence of the injurious operation of the navigation act 
on their commerce, had a most influential effect on the 
improvement of our navy, which at the commencement of 
the contest was very unequal to that of the Dutch ; and it 
is probable that this war was the means of enabling us to 
contend triumphantly against the immense and unexpected 
attempts of Louis XIV. to wrest the sceptre of the seas 
from our grasp. 

The sovereigns of the house of Stuart, without excep- 
tion, appear to have devoted much attention to the improve- 
ment of the navy. Charles I. may be almost said to have 
lost both crown and life in consequence of these efforts ; 
nor would it be doing justice to Cromwell to omit mention 
of the energy with which he took advantage of the all but 
despotic power which he possessed to increase his naval 
force. For this purpose not only many ships were built 
during the protectorate, but numbers of merchant-vessels 
were bought for the service of the state. 

After the Restoration, Charles II. paid great personal 
attention even to the minutiae of his navy, as shown by the 
following curious extract from a letter of his to Prince 
llui>ert, preserved in the state-papers, and also by con- 
tinual references to his naval predilections in Evelyn's and 
Pepys's memoirs and writings. The letter is dated 4th 
August 1673. It says, " I am very glad the Charles does 
so well ; a gerdeling this winter when she comes in will 
make ber the best ship in England ; next summer, I believe, 
if you try the two sloops that were builte at WooUdge that 
have my invention in them, they will outsail any of the 
French sloops. Sir Samuel Mooreland has now another 
fancy about weighing anchors ; and the resident of Venice 
has made a model also to the same purpose. We have 



not yet consulted them with Mr Tippet nor Mr Deane ; History, 
but hope when they are well considered, we may find one ^^-v*-^^ 
out of them that will be good." ^^^ ^ggg^ 

In Pepys's Diary y 19th May 1666, there is the following Sir Antho- 
notice relating to one of the gentlemen mentioned in the "y Deane. 
above letter : — ** Mr Deane and I did discourse about his 
ship the Rupert, which succeeds so well, as he has got great 
honor by it, and I some by recommending him. The king, 
duke, and everybody, say it is the best ship that was ever 
built. And then he fell to explain to me his manner of 
casting the draught of water which a ship will draw before- 
hand, which is a secret the king and all admire in him ; and 
he is the first that hath come to any certainty beforehand 
of foretelling the draught of water of a ship before she be Yint ap- 
launched." This gentleman appears therefore to have been plication of 
the first who applied mathematical science to naval archi- mathema- 
tecture in this country. Pepys also says, " another great *^^^ calcu- 
step and improvement to our navy, put in practice by Sir ^*^*°J *® 
Anthony Deane," was effected in the Warspight and "^^gj.*^^^ 
Defiance, which were **to carry six months' provisions, 
and their guns to lie 4^ feet from the water." This was 
in 1666. 

The foregoing extract probably indicates the date of the 
first practical application to a useful purpose in this country 
of the famous discovery of Archimedes. It is well known 
that he was called upon by his king to test the purity or the 
adulteration of the gold of the royal crown, and, the dis- 
placement of the water of his bath by his own immersion 
therein suggested to his mind the means of solving the 
problem. He saw that a body immersed in water displaced 
its own bulKofwater, and that by immersing the crown, which 
was correct in weight, and measuring the water displaced by 
it, the increased bulk necessary to make up the weight, if 
the gold had been adulterated by any lighter metal, could 
be detected. After this the knowledge followed that a body 
floating in a fluid displaced its own weight of that fluid. 

In this historical sketch the probability that the mer- gir Robert 
chant-shipping of England were superior in their sea-going Slingeby. 
qualities to those composing the royal navy, has been ad- 
verted to in a Discourse touching the Past and Present 
State oftheNavy^ by Sir Robert Slingeby, knight-baronet, 
and comptroller of the navy, dated 1669> there is the 
following interesting statement, which points to a reason 
why this superiority of the merchant-shipping may have 
existed. *' But since these late distractions began at home" pecay of 
(the Commonwealth), ^* forraigne trade decayed, and mer- mercantile 
chants so discouraged from building, that there hath been navy dur- 
scarce one good merchant-ship built these twenty years past, ^"g ^e 
and of what were then in being, either by decayes or acci- ^"i^°°* 
dent, there are very few or none remaining. The merchants 
have found their private conveniences in being convoyed 
att the publick charge; they take noe care of making 
defence for themselves if a warr should happen." Yet he its sabne- 
says, in the time of Charles I., " the merchants continued quent im- 
their trade during the wars with France and Spain, if there provement 
could but two or three consort together, not caring who 
they met," they being little inferior in strength or burthen 
to the ships of the royal navy. 

About 1684 Sir Richard Haddock, comptroller of the sir Rich- 
navy, adopted the recommendation of Mr, atterwards Sir ard Ilad- 
Anthony Deane, at that time surveyor of the navy, and dock, 
directed an inquiry to be made as to " the number of cube pi„j ,j,^. 
feet that are contained in the bodyes of several draughts lygis of the 
to their main water-line, when all materialls are on board royal navy, 
fitt for saileing." The result of this inquiry was a very 
voluminous statement of the weights which made up the 
whole displacement of the fourth, fifth, and sixth rate ships > 
including minute details of their masts, yards, armament, 
&c., accompanied by perfect drawings of each ship. The 
following table contains the dimensions and displacements. 
&c., of each chiss : — 
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Table of Dimensions, from a Manttscript dated 1684. 



Hiitorj. 



Length on the gan-deck from therabhitt \ 

of the stem to the rabbitt of the piiHt J 
Maine breadth to the ouuide of the 1 

outboard planke J 

Depth in hold from the seeling to the ) 

upper Bide of the b«amo J 

Breadth at the afte side of the maine I 

transome j 

Height on the gun-deck from / ^^?^,\\ 

p^"^-^A« \X^:' 

The center / ^'^''f -• \ ""\ ^.^"^ , ^^^ J 

of the I "*'^*"®- \ rabbitt of the < 

'**' Imizion. J atern I 

Draft of water f aforo... 

\ abaft . . 

Number of tuns, tunage 

Number of men (in warr) 

Number of guns 

Cube feet in the several draughts to ] 
their main water line J 

Weight of each ship's hull, and all man- ] 
ner of materials on board I 



A First Fourth- 
rate near the 
larfeai dimen- 
sion!. 



A Sreond 

Foiirth-rato 

near the di men- 

eioKS of the Ad 

renture. 



Feet. 
124 

35 

14 

21 

5 

G 

4> 

13 

Ci) 

102 

14 



In. 
6 







9 

G 
G 


6 



15 10 
885 
200 
60 

29,814 

Ts. cwt. qr. 

851 16 2 



Feet. 
116 

32 

13 

18 

6 
G 
6 
12 
62 
90 
13 
15 



580 

180 

44 

22,346 
lb. T«. cwt. qr. lb. 
8'638 9 



A Fifth rate 

or the largest 

dimensions. 



Feet. 
103 

28 

11 

18 



A First .^ixth- 
rate. 



A Second Siztb- 
riitv. 



Feet. 
87 

23 

10 

14 
6 



In. 
8 

6 

9 



7 



1G377 
Each ship's hull at first launching '..|418 0314 0160 



5 9 

6 

ti 7 6 3 

9 10 7 

r,\ G 45 

kc4 71 

12 9 8 

13 10 8 
3)2 
135 

34 

13,195 
Ts. cwt. qr. Ib.i T». cwt. qr. lb." Ts. cwt. qr. lb. 

3254 9 1G194 

I I 





85 
24 

8906 



A Sixth- 
rate of the 
largest di- 
mensions. 



Foot. In. 
70 

21 6 

9 10 

13 



6 

6 
36 
67 

8 

9 

70 
18 

6790 



Feet. In. 
92 6 

23 6 

11 9 

14 



10 
60 
73 
10 
11 



Burthen in tuns, what she will really \ L„^ •,/. 

carry ) i-**^"^ ^^ 

No. of months' provisions and water \ 4 



8 324 

I 

I 



I 



16 216 



120 
134 





It)' 



98 







230 
90 
22 



Ts. 



135 



A Sixth- 
rate of 
the old 
fashion. 



Feet. In. 
93 

22 9 

10 

15 



9 6 
49 6 
74 

8 

9 
220 

29 
24 



Ts. 



130 



James II., from having:: to Xou^ and so gloriously filled 
the office of Lord High Admiral while Duke of York, was 
perfectly aware of the requirements of the navy ; and during 
his short reign he paid great attention to increasing its effi- 
ciency. He also especially directed inquiries into the 
question of the durability of timber for the construction of 
it, and carefully accumulated both materials and stores for 
its maintenance. It is not a little curious that it was pro- 
bably the attention which the monarchs of the line of 
Stuart had bestowed on the naval service, which enabled 
it so triumphantly to resist the persevering attempts of 
Louis XI \. to recover fur them the throne of their an- 
cestors. 

Though England was at the Revolution possessed of an 
efficient fleet, manned by experienced seamen, who had all 
the confidence arising from a series of naval triumphs, it 
must be rememberecTthat for a long period no opposition 
to her naval superiority had been anticipated from any other 
power than Holland ; and consequently the fleets of England 
were composed of ships which had many of them been built 
to adapt them to this service, for which small dimensions 
and light draughts of water were essential qualifications, on 
account of the shoalness of the Dutch coast. 

William was too cautious a monarch to have neglected 
60 im()ortant a means of national defence as was the navy, 
when engaged with such an ambitious and energetic opix)- 
nent as Louis XIV.; and we find that the naval force was 
considerably increased, l)oth numerically and in dimensions, 
during his reign. But the triumphs of our armies under 
Marlborough having for a time diverted the attention of the 
nation from naval affairs, it liell into decay during the reign 
of his successor. 

When Louis XIV. determined to dispute with England 
the sovereignty of the seas, he was not only without a navy, 
but without the means of forming one. The military and 
commercial marine of France had ceased to exist. The 
sanguine temperament of the monarch, and the wisdom of 
his minister Colbert, removed all obstacles; commerce 
began to flourish on the quays, merchant-vessels to crowd 



the ports ; dockyards, harbours, and shipping appeared Rin of 
simultaneously to start into existence ; and the nation, F^wich aa- 
which almost for centuries had been essentially military, ^^ po*^«r« 
felt constrained to turn its energies to commerce and to 
the sea. A navy which, in 1661, consisted of some four or 
five small vessels, in little more than ten years bearded and 
bafficd the combined fleets of Holland and of Spain, and 
asserted the sovereignty of the Mediterranean. In 1681 
her fleets consisted of 115 line-of-battle ships, manned by 
36,440 men, with 179 smaller ships, the crews of wliich 
amounted to 3037 men ; and in 1690 a fleet of eighty-ibur 
vessels of war, out of which lliree were of a hundred gims 
and ui)wards, and ten others were above eighty-four guns, 
with twenty-two fire ships, was cruising in the British seas. 
It is true that these mighty armaments failed in fulfilling 
the ambitious designs of Louis. But the severity of the 
struggle, which at length ended in the annihilation of his 
hopes, and in our triumphant assertion of our naval supe- 
riority, must always serve as an example of the danger we 
may incur by too great confidence in that superiority. 

The following comparison between the French and Bri- Compnri- 
tish ships of about this period, is from an official contem- »on be- 
porary paper, by a gentleman of the name of Gibson : — {7**!? h 
** Our guns being for the most part shorter, are made to ancf French 
carry more shott than a French gunn of like weight, there- ghip,, 
fore the French guns reach further, and ours make a bigger 
hole. By this the French has the advantage to fight at a 
distance and wee yard-arm to yard-arm. The like advan- 
tage wee have over them in shipping ; although they are 
broader and carry a better saile, our sides are thicker, and 
better able to rec eive tlieir shott ; by this they are more 
subject to be sunk by gunn shott than wee.** 

The paper also complains much of the injudicious ma- j^jujigiQ^, 
nagement of our shipping, by which it says, " many a fast manage- 
tayling shipp have come to loose that property, by being men t of 
over- masted, over- rigged, over-gunned (as the Constant royal nary. 
Warwick, from twenty-six gunns, and an incomparable 
sayler, to forty-six gunns and a slugg), over-manned (vide 
all the old shipps built in the parliament time now left), 
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History, over-built {vide the Ruby and Assurance), and haveing 
^••s/^^' great tafFerills, gallarys, &c^ to the making many formerly 
a stifT, now a tender-sided shipp, bringing thereby their 
heaci and tuck to lye too low in the water, and by it takeing 
away their former good property, in steering, sayling, &c. 
The French by this defect of ours make war with the 
sword (by sending no small shipps of warr to sea, but clean), 
and wee, by cruseing in fleetes, or single shipps foule, with 
bare threates." 
Lord Rod- ^" ^ letter from Sir George (afterwards Lord) Rodney, 
ney. dated the Slst May 1780, to Mr Stephens, the secretary of 

the Admiralty, is a passage which goes to prove the truth 
of the above statement. *' Nothing could induce them (the 
French fleet) to risk a general action, though it was in their 
power daily. They made, at different times, motions which 
indicated a desire of engaging, but their resolution failed 
them when they drew near ; and as they sailed fiir better 
than his majesty's fleet, they with ease could gain what dis- 
tance they pleased to windward." 
Cause of ^"® great cause of the inferiority of our ships arose from 

inferiority the practice which prevailed during the first half of the 
of English eighteenth century, through a mistaken idea of economy, 
ships. Qf u rebuilding" old ships, without reference to the opinions 



of practical men, so that the forms and dimensions of the History, 
previous century passed down, in many instances, into tlie V^.s^^i«^ 
succeeding one, and justice was not done to the ship- ^jy^ ij^y 
building knowledge of the surveyors. 

The French system of improvement was followed by the French 
Spaniards, and the capture of the Princessa, in 1740, of »y»teni fol- 
70 guns, 165 feet in length, and 49 feet 8 inches in breadth, |?^«d ^y 
when our ships of the same force then building were °P*"*' 
only 151 feet long and 43 feet 6 inches broad, caused an 
appeal to be made by the Admiralty to Admiral Sir John Improve- 
Norris. The surveyors of the navy of that date who had sue- S*°*ted^ 
cecded Sir A. Deane were men of no note, because no op- th"^^- ^ 
port unity of showing their powers had been allowed them, mindty. 
In consequence of the inquiries then made, the several 
master-shipwrights of the dockyards were directed to send 
in proposals for the future established dimensions of the 
navy; and, in 1745, Sir Jacob A ttwood being surveyor of 
the navy, the Admiralty issued a new establishment for the 
dimensions of the several ratings of ships. The following 
table, taken from Derrick's Memoirs of the Royal Navy, 
contains the various established alterations from time to 
time, from the reign of Charles II. to this of 1745, which 
was the last : — 



An Accotmt shoiaing the Dimensions establishedj or proposed to be established, at different times, for Building rf Ships. 

Extracted from Derrick's Memoirs qf the Royal Navy. 



Ships of 100 Guns. 

Length on the gun-deck 

Length of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold 

Burthen in tons 

90. 

Length on the gun-deck 

Length of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold 

Burthen in tons 

80. 

Length on the gun-deck 

Length of the keel, for tonnage. . 

Breadth, extreme 

Depth in hold 

Burthen in tons 

70. 

Length on the gun-deck 

Length of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold 

Burthen in tons 

60. 

Length on the gun-deck 

Length of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold 

Burthen in tons 

60. 

Lenp^th on the gun-deck 

Length of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold 

Burthen in tons 

40. 

Length on the gun-deck 

Length of the keel, for tonnage. . 

Breadth, extreme 

Depth in hold 

Burthen in tons 

20. 

Length on the gun-deck 

Length of the keel, for tonnage., 

Breadth, extreme 

Depth in hold 

Burthen in tons 



Estahlifltament of 



ie77. 



Ft. In. 
165 
137 8 
46 
19 2 
1650 

158 

44 
18 2 
1307 



150 

39* 8 
17 
1013 



Ft. In. 



156 

4l' 
17 4 
1100 



144 

37 6 
15 8 
900 



170«. 



Ft. In. 



162 

132 

47 

18 6 

1551 

156 

127 6 

43 6 

17 8 

1283 

150 

122 

41 

17 4 

1069 

144 

119 

38 

15 8 

914 

130 

108 

35 

14 

704 

118 
97 6 
32 
13 6 
531 



1719. 



Ft. In. 
174 
140 7 
60 
20 
1869 

164 

132 5 

47 2 

18 10 

1566 

158 

128 2 

44 6 

18 2 

1350 

151 

123 2 
41 6 
17 4 
1128 

144 

117 7 

39 

16 5 

951 

134 

109 8 

36 

15 2 

755 

124 
101 8 

33 2 
14 
594 

106 

87 9 

28 4 

9 2 

374 



Proposed in 



1788. 



Ft. In. 
174 
140 7 
50 
20 6 
1869 

166 

134 1 

47 9 

19 6 

1623 

158 

127 8 

45 5 

18 7 

1400 

151 

122 

43 5 

17 9 

1224 

144 

116 4 

41 5 

16 11 

1068 

134 

108 3 

38 6 

15 9 

853 

124 

100 3 

35 8 

14 6 

678 

106 

85 8 

30 6 

9 5 

429 



1741. 



Ft. In. 

175 

142 4 

60 

21 

1892 

168 

137 

48 

20 2 

1679 

161 

130 10 

46 

19 4 

1472 

154 

125 5 
44 
18 11 
1291 

147 

119 9 

42 

18 1 

1123 

140 

113 9 

40 

17 2J 

968 

126 
102 6 

36 
15 6^ 
706 

112 
91 6 
32 
11 
498 



Sstahliah- 

ment of 

17iS. 



Ft. In. 

178 

144 6| 

51 

21 6 

2000 

170 

138 4 

48 6 

20 6 

1730 

165 

134 lOf 

47 

20 

1585 

160 

131 4 

45 

19 4 

1414 

150 

123 0| 

42 8 

18 6 

1191 

144 

117 8| 

41 

17 8 

1052 

133 

108 10 

37 6 

16 

814 

113 
93 4 
32 
11 
508 
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Royal 
George. 



Triumph 
and Vo- 

lunt. 



The ships built after the establishment of 1 746 are re- 
ported to have been stifT, and to have carried their guns 
well, but were still inferior to those of the French ; and, 
consequently, about ten years afterwards an alteration was 
made in the draughts for the several ratings and the di- 
mensions were aI»o slightly increased. It may not be un- 
interesting to remark, that the proportional breadths in the 
establishment of 1745 considerably exceeded tiiose of more 
modern ships. Their length varied from 3*49 to 3*85 of 
their breadth ; while the lengths of most of our line-of-battle 
ships, built shortly afterwards, are within the limits of 3*61 
and 3*83 of their breadths. 

The Royal George was the first ship built on the in- 
creased dimensions, which were the result of the before- 
mentioned inquiry. She was laid down in 1746, and 
launched in 1756; and rather more than ten years after- 
wards, that is, in 1758, Thomas Slade and William Bateley 
being the surveyors of the navy, the Triumph and V'aliant 
of 74 guns were built on the lines of the Invincible, a 
French 74 gun-ship, captured in 1747. 

The dimensions of these ships are given below, as they 
were manifestations of an improved system, which, however, 
was not persevered in ; for, with the exception of occasion- 
ally building af)er a French or S{>anish model, the English 
ships were scarcely altered from those built at the com- 
mencement of the century. 



Ticngth on the gun-deck 

Length of the keel, for tannage 

Breadth, extreme 

Depth in hold 

Burthen in tons 



RojbI Triumph 

George. »nd Valiant. 



Feet. 
178 



143 6| 
61 9^ 
21 6 
2047 



Feet. In. 

171 3 

138 8 

49 9 

21 3 

1826 



HUtorj 

ii.D. 1763. 
Grand dii 
tinctlon bt 
tween £nj 
lish and 
foreign 
navies. 



There was still a very essential distinction between the 
navy of England and of either France or Spain, which 
was this, that until after 1763 neither of these nations had 
any three-deckers in their fleets. Their lar<;est armament 
ap()ears to have been ei<;hty-four {;uns on two decks, while 
we had third-rates which were three-deckers, as the Cam- 
bridge and Princess Amelia, launched in 1754 and 1757, 
and carrying only eighty-four guns, our naval officers of 
that period having advocated a high battery, and the naval 
architects having designed some very fine shifM of this new 
class. The capture of the Foudroyant, a French eighty-four 
on two decks, in 1 758, caused a change in this respect, 
by furnishing the English with a model for a very superior 
class of men-of-war, which was adopted. Derrick, in his 
Memoirs of the Royal Navy^ says, that ** no eighty-gun 
ship with three decks was built after the year 1757, no 
seventy -gun ship after 1766, nor any sixty-gun ship after 
1759." 

During the ()eace that preceded the war with America, Freneh- 
which commenced in the year 1768, the French had in- built thrci 
troduced three-deckers into their fleets, having found their ^•<^^«"- 
eighty-fours on two decks to be no match fi)r the more 
powerful of our three- deckers. Their first-rates were at 
this time generally of 1 10 guns on three decks. The Bre- 
tignc, one of these slii))s, was, according to Charnock« 
196 feet 3 inches long on the water-line ; and her moulded 
breadth was 53 feet 4 inches. Her displacement, it is 
stated in Sewell's Collection of Paf}ers on Naval Archi- 
tecturey was 4640 English tons. 

In 1786 the establishment of the French fleet was fixed Eitablinh- 
by an ordinance of the government, as according to the fol- ment of 
lowing table, which is extracted from Charnock, and some ^«^nch 
very fine vessels of each class were built ujxin these dimen- *•**•• 
sions : — 



Length from head to item 

Breadth from outside to out- ) 

side of the frame j 

Depth in hold 

Draught of water abaft when \ 

light I 

Draught of water forward \ 

when light j 

Draught of water abaft when \ 

laden j 

Draught of water forward \ 

when laden j 

Total weight of the ship andN 

stores when victualled and I 

furnished for a six months' | 

cruise J 

Weight of the hull and masts. . . 



Shipff of 120 
Guns. 



Feet. In. 
196 6 



60 
25 



17 6 



14 
26 



22 8 



Tons. 
6246 

2600 



SbinsofUO 
Guns. 



t>i«t, 
18(5—186 

49 6 in. 

24 6 

17 4 

13 8 

21 8 

22 2 



Tons. 
4910 

2100 



Ships ofSO 
liuns. 



Feet. 
184—180 

48 in 

23 9 

17 

12 

22 6 

21 



Tons. 
3826 

1804 



Ships of 74 Sh{piiorS4 
Uuns. Guns. 



Fupt. In. 
170 

44 6 

22 

16 8 

10 10 

21 6 

19 10 



Tons. 
3648^ 

1437 






Foet. In. 

166 

41 

20 

14 6 

11 1 

19 9 

18 9 



Tons. 
2300 

1120 



Feet. In. 

144 

36 6 

18 

12 6 

8 7 

16 

16 2 



Tons. 
1479 

666 



Feet. In. 

136 

34 6 

17 6 

11 3 

8 6 

16 4 

13 9 



Tons. 
1162 

683 



Feet. In. 

112 

28 4 

14 4 

9 6 

8 6 

13 3 

11 9 



Tons, 
646 

266 



Feet In. 

80 

24 

12 

8 4 

8 

11 6 

10 



Tons. 
266 

141 



Georgfi III. '^^*®. ^^"PS of England continued throughout the wais of 
una ueorgc the reign of George III. inferior to those of France and 
IV. Spain. The skill of our commanders, and the indomitable 

courage of our seamen, eventually succeeded in these, as 
in all former contests, in annihilating op|)ositi(»n, and in 
triumphantly asserting our naval supremacy. It cannot 
be denied that their task would have been comparatively 
easy, accompanied with less loss of life and expenditure of 
treasure, had their ships been more upon a par with those 
of their opponents. The French officers, however, after 
the war, to save their vanity, attributed our successes at 
sea to the superiority of our ships, and they commenced 
building after our models. 

Although so much attention appears to have been directed 
at various times to the improvement of the navy, not only 



l)y the servants of the crown officially connected with it, Reasons fo 
but by the sovereigns theniselves, we have seen that an the con- 
inferiority of our ships in sailing to those of our opponents*^""**? »"" 
has been repeatedly asserted on undoubted testimony. The Jf r''*"/^^ ° 
reason that all the attention tlius bestowed failed in pro-g||ipp:„„ 
ducing a corresponding beneficial effect ap|)ears to have 
been that in England the speculative ideas of men, tm- 
doubteilly of sense and judgment, as may be seen from the 
quotations of their opinions wiiich have been given, but 
men uninformed as to principles, were taken as the rules 
for guidance. In France, on the contrar}% the aid of 
science was called in, and some of the greatest mathema- 
ticians of the time turned their attention to the improve- 
ment of the shipping of that country, and worked harmoni- 
ously uith the naval officers who were to use the ships, «« 
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Inatniice o 
igDorance. 



Rfizce of 
the Anson, 



History, well as with the practical men who were to construct them, 
^*^/— ^ modifying their theories by the practice and experience of 
A.D. 1794. the others. Colbert employed an engineer of the name 
of RInau d'Elisagary, a protege of the Count de Verman- 
dois, whose first essay was in the adaptation of ships to 
carry bombs, to be used in the then projected armament 
against the piratical states of the Mediterranean. Under the 
enlightened direction of Colbert, the French ships which, 
by the ordinance of 1688, were much restricted in dimen- 
sions, were increased nearly one-fourth in size, and every 
means taken which the then state of knowledge could sug- 
gest to insure a proportionate improvement in their qua- 
lities ; while a corresponding increase in size was not made 
in English ships till the commencement of the energetic 
surveyorship of Sir William Sxmonds in 1830. K^u 
was, we believe, the first French author who wrote on the 
theory of ships. He was followed by the Bernoullis, by 
Pere La Hoste, by Bouguer, Euler, Don Jorje Juan, 
Romme, and a host of others, the effects of whose writings 
may be traced in the progress of the improvements intro- 
duced into the navies of France and Spain, and which the 
navy of England was forced to imitate. The only English 
treatise of that period on ship-building that can lay any claim 
to a scientific character was published by Mungo Murray in 
1764 ; and he, though his conduct was irreproachable, lived 
and died a working shipwright in Dtptford dock-yard, 
f A palpable instance of the ignorance or neglect of all the 
principles of naval architecture among the authorities who 
were charged with designing our royal navy, even up to 
the close of the last century, may be quoted from an arti- 
cle in the Paj)ers on Naval Architecture, as given by Mr 
Wilson then of tlie Admiralty. 

Mr Wilson, speaking of the cutting down of the Anson, 
a sixty-four-gun ship, to a frigate of thirty-eight guns, says, 
"she was cut down in the year 1794 ; and although in all 
other maritime states the science of naval construction was 
well understood, yet so culpably ignorant were the English 
constructors, that this operation, so well calculated, when 
properly conducted, to produce a good ship, was a complete 
£ulure. Seven feet of the upper part of the top sides, to- 
gether with a deck and gims, making about 160 tons, were 
removed, by which her stability was greatly increased ; but, 
by a coniplete absurdity, the sails were reduced one-sixth 
in area. In her first voyage the rolling was so excessive 
that she sprung several sets of top-masts. To mitigate this 
evil, in 1796, her masts and yards were increased to their 
original size ; but as there were no decrease of ballast, she 
was still a very uneasy ship, and, as a necessary result, her 
wear and tear were excessive. 

*' Other sixty-fours were cut down, masted, and ballasted 
in exactly the same manner, and, it need scarcely be added, 
experienced similar misfortunes ; and although they were 
improved by enlarging their masts and yards, they were 
still bad ships. Had their transformations been scienti- 
fically conducted, a class of frigates would have been con- 
tinued in the navy, capable, from their size, of coping 
with the large American frigates ; and thus the disasters 
we experienced in the late war, from the superior force of 
that nation, would, without doubt, have been not merely 
avoided, but turned into occurrences of a quite opposite 
character." 

The subject, however, of the improvement of ship-building 
was by no means lost sight of in this country at that period. 
The investigations and experiments which were made were, 
as usual in England in comparison with France and other 
continental nations, more of a practical than of a theoretical 
nature. Attwood's papers, read before the Royal Society 
in 1796 and 1798, form almost a solitary exception to tliis 
remark. In 1786, and subsequent years, Mr Miller of 
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Dalswinton, in Dumfriesshire, made many experiments, ex- History, 
pending as much as L.30,000 of his own private fortune for V«i»^^««»/ 
the advancement of naval architecture. In 1788 he was ^.d. 1800. 
induced, by a Mr Taylor, to allow Symington, a working- 
engineer, to place a steam-engine on board a pleasure-boat 
on his lake at Dalswinton, for the purpose of propelling it 
by a paddle-wheel, and he thus became the originator of 
steam- navigation.^ 

In 1791, "a Society for the Improvement of Naval Beaufoy's 
Architecture" was instituted, mainly by the exertions of **?•«■*■ 
Colonel Beaufoy. This society numbered amongst its "***"'•• 
members the tlien Duke of Clarence, afterwards William 
IV., and many noblemen and gentlemen of great influence. 
They conducted a most valuable series of experiments be- 
tween 1793 and 1798, but a first report only of the results 
was ever [)ublished by the society. The funds at their 
disposal became exhausted, and the experiments were thus 
terminated, the interest of the public having flagged on 
account of the necessarily tedious nature of the proceedings. 
A detailed account of the whole of the experiments was 
subsequently published, in a most patriotic spirit, by Mr 
Henry Beaufoy, at his own private expense, and presented 
gratuitously to scientific societies and parties connected 
with naval architecture. Some valuable practical results 
were deduced from them, and these will be discussed here- 
after, when treating of the resistances and other qualities of 
differently formed vessels. 

At the commencement of the present century the mer- Increase of 
chant-shipping of this country had increased to such an merchant- 
extent as to be of great importance. From the returns *^*PP*"tf* 
prepared by the Registrar- General of the Board of Trade, 
the total number of British merchant-vessels in the year 
1801 was 19,711, with an aggregate registered tonnage of 
2,038,263 tons, employing 149,766 men. In 1811 the 
total number of merchant- vessels was 24,106, with an 
aggregate registered tonnage of 2,474,784 tons, employing 
162,647 men. 

In the Honourable East India Company's service there E"* In'l'* 
were at this period 67 ships, each carrying 30 to 38 guns. Company's 
31 ships of 20 to 28 guns, and 52 ships of 10 to 19 guns, '***P^'"S. 
thus forming a powerful addition to the warlike resources 
of the country. Additional attention was also attracted to 
the subject of ship-building in the early parto£ this century 
by the institution of the Royal Yacht Club. It was joined 
by many influential and wealthy noblemen and gentlemen, 
and they gave much encouragement to the production of 
superior fast-sailing yachts. 

Another im|X)rtant effort to improve the scientific know- School of 
ledge of naval architecture, was the establishment, in 1811,^^^**^'" 
of a school for naval architecture in Her Majesty's Dockyard ^^ p^rtill^* 
at Portsmouth. This school was the result of the state- mouth, 
ments and recommendations contained in the report of a 
commission of naval revision, appointed in 1806, to examine 
into the management of the dockyards. The commissioners 
found that the practice of permitting the master shipwrights 
and their assistants to take private apprentices, receiving 
high fees with them, had been at that time disallowed and 
discontinued. By this system young men of superior early 
education, and of superior standing to the ordinary ship- 
wright apprentices, had been trained in the higher branches 
of the profession, and their further scientific and theoretical 
education had been attended to, while at the same time 
they had acquired a knowledge of practical shipbuilding 
by being employed amongst the workmen. The commis- 
sioners therefore considered it expedient that some means 
should be adopted to supply the future demand for such 
men to fill those higher civil situations in which scientific 
knowledge is indispensable for the due performance of the 
duties. The school was accordingly instituted, but upon 
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till it disappeared, and then to start tlieni again at once 
into the iiigher speed. This pccidiur result was no doubt 
mainly caused by the confined space of the canal, but no 
scientific investigation to account for it has yet been given. 
The lines of these boats uerc culled wave-lines by Mr 
Scott Russell, and for ease of propulsion in smooth water 
they are undoubtedly beneficial. Lines of a similar cha- 
racter were also used about the same time by Mr Fearnali 
in fiist-passenger steamers on the Thames. Their advan- 
tage was made very af)parent by the construction of the 
Vesper in 1837, a passcngcr-boat from London Bridge 
to Gravesend. This boat went throujih the water at a 
speed of about 12 miles an hour, with scarcely any wave 
or even a ripple at her bows, while her competitors were 
carrying a heavy wave and swell before them. Other 
vessels with lines of a similar character were built subse- 
quently by Messrs Fletcher and Fearnali, by Mr Ditch- 
burn, who had been in their employment, and also by 
others. 

Up to 1836 the mercantile marine had laboured under 
the disadvantage of a tonnage law for the charging of dues, 
which, by the mode of measurement enaciid, held out 
a premium for the construction of inferior ships. In this 
year a new act was pa>sed, and a better system introduced. 
By this act the internal capacity of a ship became the mea- 
sure of her tonnage, and the serious objections to the former 
law were obviated. 

It was about this period that iron began to be used to 
any great extent as a material for ship-building. Its merits 
lor this pur|)ose w ill be discussed hereafter, when treating 
of the practical construction of ships. Mr Manby, Mr 
Laird of Liverpool, and Mr Fairbairn of Manchester, were 
the first constructors of vessels of any size of this material. 
Mr Fairbairn, in 1833 and 1834, built two passenger- 
steamers of iron to ply on the 11 umber, between Selby 
and Hull, and in 1836 he commenced the business of iron 
ship-building, in con)|)any with others, with the writer as 
the resident managing partner, at Millwall, on the Thames. 
In 1837 Mr Laird built an ifon steam-vessel, the Rain- 
bow, for the General Steam Navigation Company at 
Deptford, and from that time the use of iron has rapidly 
increased. 

The next important step in the history of ship- building 
was the introduction of the screw-propeller. Many pro- 
posals had been made, and patents taken out, for propellers 
of this nature ; but a small vessel fitted with a propeller, 
patented by Ericsson, was the first brought into practical 
use. A small ex|)erimental vtsscl called the F. B. Ogdon 
was built in 1837, and fitted by Ericsson with one of his 
propellers, and the Lords Commissioners of the Admiralty, 
attended by their surveyor, Sir William Symonds, took 
a trip in her in that year. They, however, failed to see 
the advantage of such an invention to men-of-war, and 
refused to entertain any proposal for its introduction into 
the navy. Mr F. P. Smith also built a small experimental 
vessel during this year, and fitted her with a screw propeller. 
Ericsson, on receiving no encouragement from the British 
government, took steps to bring his invention before the 
Americans, and a small vessel, the Robert F. Stockton, 
was built by him in 1838, in this country, with this view, 
and made the voyage safely to America. Mr Smith, in 
the meantime, induced a number of influential men to form 
a company to carry out his invention, and in 1839 the 
Archimedes was built by them, to test and demonstrate its 
value. The success of this vessel was such, and the ad- 
vantages likely to accrue to men-of-war from the introduc- 
tion of the screw were so apparent, that the Rattler was 
then ordered to be built in one of the government yards. 
This vessel was on the same tines as one of the Admiralty 
paddle-wheel steamers, but its stem was lengthened to fit 
it to receive the screw propeller. Her success was un- 



dtniable, but the progress of the screw in the navy was jJMmy. 
very slow (or many years, owing to the opposition of Sir >^vs^^<^ 
William Symonds, and to the frequent cnanges of the ^.d. igjg 
Board of Admiralty. Some progress, however, was made 
in the introduction of screw-ships into the navy, several 
small vessels being built to the designs of Mr Fincham, 
the master-shipwright of Portsmouth yard. This officer 
was in favour of its introduction, as were all the officers of 
the engineering department under the Board of Admiralty, 
and they were supported by the Right Hon. Mr Corry, the 
secretary of the Admiralty at that time. The Arrogant and 
Dauntless, two screw frigates, were afterwards built by Mr 
Fincham ; and, at the same time, the Termagant, also a 
screw-frigate, was built by Mr White of Cowes. 

After this tin»e, the growing dis>atisfaction with the ex- Sir B. 
cessive rolling of Sir William Symonds* ships, his obsti- Walker 
nate adherence to his own forms of construction, together »pp*>in** 
with his unwillingness to co-o|)erate in the introduction of ||f 'J[*^®' 
screw-steam ships into the navy, led the Board of Admi- '^-^Vv. 
ralty, of that date, to order that a committee of reference ' 
should be constituted, to whom all designs for ships should 
he submitted before they were laid down. This led to Sir 
William Symonds resigning his office, and Sir Baldwin 
Walker, a naval officer distinguished for his seamanship, 
was appoiotrd n<» his successor. 

Sir Baldwin Walker had not given his attention to the 
study of naval architecture theoretically, and the Board of 
Admiralty announced that they should not expect him to 
originate the lines of the vessels to be built, but that these 
should be designed by naval architects attached to his 
office. The construction of the ships of the royal navy was 
thus placed on a proper footing ; and if this arrangement 
had been carried out, and the naval architects had had full 
power given to them, and been at the same time com- 
petent n)en, the country ought to have reaped the benefit 
of so judicious an arrangement. 

With respect to the class of ships ordered to be bnilt at .Sailing 
this period in the dockyards, no change in accordance with *h»p8 <m' 
the advancing state of screw propulsion took place. The ""*J^«d u 
naval members of the Board of Admiralty were men who J*.® \J ', 
had long looked upon the noble line of battle-ships of the 
navy as not to be surpassed, and they could not apparently 
make up their minds to desecrate them, as they seemed to 
consider it, by the introduction of steam-fwwer. The re- 
sult of this somewhat romantic feeling was, that early in 
Sir Baldwin Walker's administration a number of sailing 
three-deckers were laid down, in opposition to the expressed 
opinion of the leading civil professional officers attached to 
the Admiralty. Not one of these vessels, as had been pre- 8ul'ta- 
dicted, was ever launched as a sailing vessel. They were quently 
converted into screw-ships by being lengthened in midships, ^n^*"^**^ 
at the bows, and also at the sterns. The greater profiortion ghhia. "^^ 
of the other sailing three-deckers were also cut down and 
converted into two-<lecked screw- ships, their sterns only 
being altered. These important changes on the last men- 
tioned vessels were all carried out at much additional 
expense, while two of the members of the late School of 
Naval Architecture were the assistant surveyors; and a 
repetition of the errors committed at the end of the last 
century, on the occasion of a similar operation upon several 
ships, has thus been avoided. The errors committed at 
that time have been described by Mr Wilson, as previously 
quoted, and are ascribed by him to a want of sufficient 
scientific knowledge; but as this is not the case at the 
j)resent time, the country may now expect a very fine class 
of vessels to be the result of any new pro{X)sals. 

It may also be remarked, that the introduction of the 
system of distilling the necessary supply of fresh-water on 
board the ships, and thus obviating the necessity of carry- 
ing so great a weight of fresh-water, materially facilitated 
the arrangements for these alterations. 



SHIP-BUILDING. 



History. The following is a table of the British Navy as it existed 
in 1859, extracted from the Navy List of October 1859 : — 

Table of the British Navy^ extracted from the Navy List, 
October 1859. 
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Navy of By a return published during 1859, it appears that tlie 
other total number of ships of all classes belonging to the navies 

I859"* *" of other kingdoms was then as follows :— 



.311 



France 448 

Boseia 164 

Sweden — principally 1 

small vessels j 

Norway 143 

Denmark 120 

United States 79 

Holland 139 

Belgium 7 

Spain 82 

The Two Sicilies 121 



Austria 135 

Portugal 37 

Sardinia 28 

Prussia 55 

Greece 26 

Turkey 49 

Brazil 27 

Peru 15 

ChUi 5 

Mexico 9 



In the foregoing list it will be observed, that a new class 
ot vessels called gun-boats are, for the first time, included 
as forming a portion of the naval strength of the nation. 
These gun-boats are of three classes, varying slightly in size 
and horse- power. The greater proportion are 106 feet long 
between the perpendiculars, 22 feet beam and 8 feet deep, 
and are fitted with engines of sixty horse-power. . They 
are of 233 tons burden, and their draught of water, when 
ready for sea, is about 6 feet. 

The importance of this class of vessels as a protection 
against invasion cannot be overrated. The introduction of 
steam as a mechanical agent for the propulsion of vessels, 
independent of wind and tide, brings us back to a state of 
things similar to that which existed when hostile fleets were 
composed of rowing galleys. The supremacy on the 
ocean which this country has so long held, by means of 
the experience of such a large proportion of her population 
as seamen, must now depend on other sources of strength, 
and it behoves the nation to make arrangements suitable to 
meet the altered circumstances. If our fleet were to suffer 
any reverse, and thus leave the sea free to an enemy ; or if 
an enemy came to a determination to try and evade our 
fleet, and land an army on our shores, that army might be 
embarked at many different points, and, with steam as an 
agent, the different portions of it might, with almost perfect 
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certainty, meet at any appointed time at any spot. When 
once upon our coasts, they could move along them with a 
rapidity which would make it difficult for any troops on a.d. 1859. 
shore to follow them, if they were confined to the ordinary 
means of transport. If, however, our coasts were iron- 
bound by coast-lines of railroads, so that troops could be 
moved along them and concentrated rapidly at any spot, 
with the assistance of the electric telegraph, our |x>wer ot 
resisting the landing of any foreign force would be im- 
measurably increased. I'he art of war has been said by 
the highest authorities, to lie mainly in the power of sud- 
denly concentrating men on any one point ; and if our rail- 
roads and telegraphic communication are made available 
for this purpose, the importance of keeping up a large and 
effective force of steam gun-boats, lying at the time of an 
expected invasion in every bay and creek of our indented 
shores, prepared to act in concert with other and more 
powerful vessels, is evident. For the construction of a fleet 
of such vessels, iron is fortunately the most valuable mate* 
rial, as the evils attending its use in large men-of-war will 
not militate against its use in these vessels. If they should 
be struck by shot, tlie men will be above the splinters, and 
by building them with extra frames very far apart, and 
with a strong inner and outer siieathing, both water-tight, 
on these frames, they may be made almost unsinkable. 
The chief advantage, however, of iron for such vessels is 
its durability, if moderate care be taken to construct them 
in such a manner that all the parts may be kept painted, 
and then that they be periodically cleaned and painted. 
Iron vessels so constructed and hauled u[) on shore, and so 
cared for, might be considered as almost free from decay. 

The applicability for purposes of war, of iron vessels Exppri- 
constructed in the ordinary way, early engaged the attention ™«nt> ^»th 
of the writer, and in 1845, in concert with the late Major- j^*'' P** 
General, then Colonel Dundas of the Royal Artillery, one 1^5*° 
of the officers of the arsenal at Woolwich, he arranged some 
experiments to test the effects of shot on such vessels. So 
little im[X)rtance, however, was at that time attached to the 
subject by the authorities, that at first no official notice 
was taken by the Admiralty of these experiments, the targets, 
representing a portion of the side of an iron vessel, being 
constructed in the dockyard at Woolwich under merely 
verbal sanction from the Captain Superintendent of that 
yard. By these experiments it was at once shown, that 
iron plates of ^-inch or §th-inch tliick were easily pene- 
trated by solid 32-|X)under shot, that the hole made was 
no greater than the size of the shot, and that the injury 
was merely local and easily repairable. These experiments 
also proved that the shot, in striking plates of this thickness^ 
was frequently, though not invariahly broken, and that the 
portion of plate taken out by the shot was broken into a 
number of small and most dangerous splinters. Targets 
made of plates of the best Low Moor Iron were tried in 
comparison with targets made of common boiler plates ; but 
tlie difference of the quality of these two kinds of iron made 
no difference whatever in the splintering or in the general 
effect. 

To guard against the risk of a ship being sunk by tiie 
clean hole thus shown to be made through the iron by a 
shot, the |)arasol shot- plug was introduced at this time by 
the military officers. This plug is composed of trimmed 
sail-cloth, or of India-rubber cloth, in the form of an um- • 
brella or parasol with a long handle, and is intended to be 
pushedout through the shot-hole, and then opened and drawn 
back on the hole so as to cover it and prevent the entranc*e 
01 water. 

Layers of timber varying in thickness from 3 and 4 inches 
up to 15 and 18 inches, placed behind the iron, were then 
tried, with a view of collecting and stopping the splinters* 
It was found that this was not effected with less than about 
1 4 inches of thickness. Wadding and packing of various 
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llistorj. kinds were tried with an inner sheathing of plate on the ribs 
*'— N/^*^ to sustain it, but no beneficial result was Ibund to be ob- 
A.D. 1859. taincd from any course of this kind. A layer of a mixture 
Experi- of saw-dust and Indian rubber was subsequently tried, and 
ci! °/' ^*^^ ^^"^ ^^'^ found to answer well, but it required to be of 
nearly as great thickness as the solid wood. An experiment 
was also made with a target placed at an angle with the 
line of fire ; but the thickness of plate of which these targets 
were composed was found not to be sufficient to make a 32- 
pounder shot glance. When fired from a distance of 200 
yards with the ordinary char(:^e for short ranges, the shot 
struck between two ribs, and kept its course, making a long 
slot or elongated hole. 

To test the effect of a spent shot, a hhot was merely 
pitched against the target from a gun brought within a 
short range, and fired with the smallest possible quantity of 
gimpowder ; the shot was not broken, and it went tlirough 
the target, making, as in other cases, a hole no larger than 
itself, but the edges of the plate round the periphery of the 
hole were bent backwards with rugged radiating points. 

The inside of the target was also fired at, to represent 
the effect of a shot passing through a ship and striking the 
off-side ; the effect was the same as before, except that the 
rivets within a circle of about 2 feet to 3 feet radius, which 
attached the plates to the ribs, were loosened, and the heads 
of some of them were broken off. In 1845 and 1846, the 
Admiralty of the day, with a view of testing the efficiency 
of iron for men-of-war, after having had " The Dover" 
packet, built of iron, for some years in their service, and 
subsequently the Birkenhead iron paddle-wheel steamer, 
ordered the Minx, 2 guns and of 303 tons, and Sharpshooter, 
8 guns andof 603 tons, and several frigates, to be built of iron. 
Of these latter, the Simoom, of 1980 tons, built by Mr 
Robert Napier of Glasgow, is always quoted as the type. 
The Ministry of the country, however, having changed, and 
with it the Board of Admiralty, before thecompletion of these 
frigates, they were ordered to be converted into troop-ships, 
and the views of their original proposers unfortunately were 
not carried out with them, nor, still more unfortunately, 
with the smaller class of vessels. If the foresight of Sir 
George Cockburn, and Sir Charles Adam, and those asso- 
ciated with him at this time at the Admiralty, in attempting 
the construction of these small screw steamers, had been 
followed up, the country would not have been without them 
at the beginning of the Russian war, when they were so 
much wanted, and when a fleet of them had to be constructed 
\^ ithout experience as to the best form and size, in great 
haste, and with much loss, both of money and of credit, to 
the country. 

The experiments at Woolwich in 1846 having shown the 
necessity of guarding against splinters, the sides of the iron 
frigate between the main and upper deck, opposite where 
the men were fighting, and where the guns would be chiefly 
collected in the time of action, were ordered to be lined with 
wood, whilst the other portions were intended to be left un- 
protected, as splinters from them would be of less impor- 
tance. This, however, did not satisfy the new Board of 
Admiralty, and with the view of confirming the correctness 
of their decision in ordering these frigates to be converted 
into troop-ships, a further set of experiments were ordered 
to be made in 1848 from the Excellent at Portsmouth, by 
firing against targets made to represent portions of the 
Simoom. These experiments corroborated all the results 
previously obtained from the experiments at Woolwich 
arsenal, and seem to have further proved an important fact, 
which did not then suggest itself, and was not tested, that 
plates of f th inch thick prevented any shells then known 
from passing through and exploding inside the ship. This 
tact, however, was not made known to the House of Com- 



mons or to the public generally, and the tide of public UistoiT. 
opinion was then strongly directed against the use of iron ^""^^^**^ 
ships for purposes of war, by the amount of information on a.d. 1859. 
the subject officially promulgated. 

Some years previous to 1848, other experiments against Other Ex- 
iron had been tried with a totally different object in view, perimenta 
but from which results of much importance to ships of war ^'^^^ ^^^^ 
have followed. These experiments were made at Ports- ^^ '^""' 
mouth, against a target composed of 14 tliicknesses of 
^-inch boiler plates, bolted together so as to form a mass of 
7 inches thick. This was found practically to be sufficient 
to stop 32-pounder shot. A much more important and elabo- 
rate series of experiments on this subject were made at 
this time in America, and from these it was found that a 
thickness of 6-inch solid hammered iron was practically 
invulnerable against the power of any ordnance then in use. 
After these experiments Napoleon III., who has paid great ^Irs^ 
attention to the subject of artillery, conceived the idea of ^"J""^^**^ 
encasing a ship in thick plates of iron as in armour, to re- ^ 
sist shot. In 1863 this idea seems to have been publicly 
broached by him, and in 1864 the Governments of England 
and France constructed vessels on this principle to be 
brought into action against Russia. They were called 
floating batteries, as they are mere barges built for the pur- 
pose of carrying their guns and their armour plates with a 
small amount of steam power, sufficient to give them a low 
rate of speed, and enable them to put themselves into 
position in the field of action. They vary from 1636 to 
1954 tons burthen, and carry 14 to 16 of the heaviest guns ; 
their draught of water does not exceed 9 feet, so as to enable 
them to approach the forts more nearly against which they 
were intended to act. 

Those built in France having been completed at an Iron-cased 
earlier date than those built in England, one of the French ^^^^P" °^ 
batteries was brought into action against the Russian fort ll?® ^«'«"ch 



of Kinburn, and with the most complete success. Upon 



Navy. 



this the Emperor of the French immediately set about 
carrying out the idea to a greater extent and in more per- 
fect ships. He selected an able naval architect, M. Dupuis 
de Lome, and, as stated by Mr Scott Russell from personal 
knowledge,^ " One of the first acts which the imperial 
designer and his own naval architect undertook together, 
was the reconstruction of the French Navy. They soon 
saw that it must be reconstructed as a whole, not in parts 
merely ; that it must consist of ships of the line, frigates, 
despatch- boats, and gun-boats, similar in some degree to the 
various arras of the existing fleet ; and they forthwith set 
about the design, and constructed a pattern of every one of 
those classes. Thus it was that, so far back as 1867, the 
Emperor and his naval architect had not only frankly ac- 
cepted the new state of things, but had formed a syste- 
matic design, and commenced the methodical execution of 
a navy of iron-sides, the French Fleet of the future." 

In England the subject was at the same time pressed upon Iron-cued 
the consideration of the Board of Admiralty. In 1855 Mr Ships for 
Scott Russell laid plans and a model respecting a shot-proof*^® British 
iron vessel before Sir Baldwin Walker, the surveyor of the ^^^y* 
navy, as he informs us in the pamphlet before quoted. He 
also says, " He expressed to the Admiralty his belief that 
an entirely new class of shot-proof ship could be constructed, 
which should possess all the qualities of a good sea- going 
ship, which should possess speed as well as power, which 
should carry a shot- proof battery, and which should belong 
to the corvette class or fi-igate, or a single covered deck. 
He proposed that this vessel should be entirely of iron ; 
that it should be constructed on the longitudinal system of 
structure, like the Great Eastern ; that it should be built 
with a shelf or recess on the outside of the iron skin of the ship, 
which should receive wooden backing and iron armour in 
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History, the manner subsequently carried out in the Warrior ; and 

^^"^V^^ he accompanied his proposal with a large size model, show- 

A.D. 1859. ing the practical arrangements by which this was to be 

carried into effect. This was the first design of what we 

call the ** Warrior class of ship." 

The attention of the Admiralty was also directed to iron- 
cased ships of war by the late Captain Moo som, R.N., C.B., 
BftMrfflh* * ^^^^ talented and valuable officer, who in 1857 printed a 
®****^ ^ pamphlet entitled, " Remarks on the Construction of Ships 
of War and the Composition of War Fleets." In this 
pamphlet he proved the feasibility of taking the two upper 
decks and tiers of guns off the three-decked ships of the 
fleet, and converting them into iron-cased frigates, protect* 
ing the remaining lower deck with a covering of iron-plates 
4 inches thick. He advocated, however, the construction 
of new and superior ships on this design. He said, *' Our 
present line-of-battle ships should be replaced by iron-cased 
ships, carrying one tier of heavy guns, from 15 to 18, on 
the broadside. If intended to act against mere wooden 
ships, they should be armed with shell guns ; but of course 
other nations would soon adopt iron-cased ships, and conse- 
quently all ships would be armed in chief with the heaviest 
solid shot-guns. Our 95 cwt. 68-pounder is probably 
about as heavy a gun as can be worked with facility on 
board of ship; but speaking generally, I should say the 
guns for a ship's armament should weigh about 100 cwt., 
and throw a missile of about 60 or 70 lb. weight if a solid 
shot, as that may be handled by one ordinary man ; or of 
about 100 lb. weight if a shell, as this can be handled by 
two men. As guns of this size would require spacious 

Clatforms, the ships should not have less than 50 or 55 feet 
cam, and it would of course be necessary to make them 
lone in proportion to their beam, in order to obtain speed 
under steam. The difficulty of applying iron-casing or 
armour, which must of course extend considerably under 
water, to copper-bottomed ships, would be overcome ; but 
possibly, for other reasons, it might be found desirable to 
construct the frames of such ships as I have indicated of 
iron instead of wood." 

** With regard to the class of frigates, it would be more 
difficult to furnish them with armour, and probably frigates 
would resume their legitimate place of scouts or attendants 
on the ships of the line, instead of as at present, rivalling 
them in size and power ; but perhaps it would be found 
that a ship carrying a very few heavy guns protected by 
iron parapets, would be a more valuable vessel than our 
present first-class frigates." 

" With regard to corvettes, gun, and mortar vessels, they 
would remain as they are, and trust to dislance for impunity, 
or to local advantages to be of service ; but the ship of the 
line must command the ocean." 

He did not receive any immediate encoui-agement ; but 
in the year 1858 the first Lord of the Admiralty, Sir John 
Pakington, and the Secretary of the Board, the Right 
Honourable H. Corry, succeeded in obtaining a decision in 
favour of building a large vessel on the design submitted 
by Mr Scott Russell in 1855, for a smaller vessel ; this vessel 
is '* The Warrior," Though a change of Ministry shortly 
thereafter caused a change at the Board of Admiralty, 
this order was soon followed by one to construct two similar 
vessels, but of less power and tonnage — " The Defence" and 
** The Resistance." A stcond Warrior, "The Black Prince," 
was also shortly afterwards commenced. The success of aJl 
these vessels has been almost beyond expectation. The 
Warrior, when fully weighted, realized on the race-course at 
Spithead a speed of 14*354 knots per hour. The Black 
Prince made rather less speed ; she was equally stored for 
sea, but she carried somewhat greater weight, being a few 
inches more deeply immersed. This must have arisen 
either from the plates and angle iron of her hull being in 
a trifling degree thicker, or from the mode of her construe* 
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tion causing greater weight She is clinker built, that is, 

the plates of her bottom below the armour-plates overlap 

each other at the edges, instead of being carvel-built, that a.d. 1862. 

is, with the plates laid edge to edge and made flush, as in 

The Warrior* 

The Resistance at the race^course made a speed of The Re- 
11*832 knots per hour, a speed far above that of merchant •i»tance. 
ships engaged in ordinary traffic ; and in her late cruise in 
the Baltic she proved herself to be very easy in her motions 
in a sea-way. 

The whole of these vessels are iron-built ships, divided Advantap^es 
into many water-tight compartment?, both horizontally and ^^ le»»ving 
vertically, especially forward and aft, where also they are ***^**°^'* 
divided longitudinally. A portion of their length, at the without "' 
bows and at the sterns, are not protected by armour-plates, armour- 
but are built with frames and sheathing similar to a strong plates 
well-constructed merchant ship. The whole of the space 
amidships is protected by acasingof 4j-inch armour-plating, 
with athwartship bulkheads of armour-plating before and 
abaft the unprotected portions of the bow and the stem. The 
importance of saving weight in the extremities of a ship 
both as regards the strain brought upon the material by 
the want of a due apportioning of the weights to the dis< 
placement that is to support them, and also as regards the 
performances of the vessel at sea in pitching and scending, 
as will be pointed out hereafter, is very great. If the rudder 
be protected, or other means, protected from shot, be pro- 
vided for steering the ship, in case of the ordinary rudder 
being carried away or injured by shot, no bad consequences 
can possibly follow to endanger any iron ship such as those 
under consideration, however much their bows and their 
stems may be battered. The true way of looking at these 
portions of ships so constructed, is to consider them an 
assemblage of moderate *sized iron water-tanks, with the 
exterior tanks made to the forms of the bow and the stem. 
All the guns in use, artd all the men in time of action, should 
be within the armour-plating. 

Other large iron-cased vessels are also now under con- 
stmction, completely encased in armour from the bow to 
the stem. If the views previously expressed are correct, 
this is to be regretted, as tending to weaken the ships, and to 
make them uneasy in their pitching and scending at sea, and 
also as being an expenditure on parts which it is argued may 
be looked upon merely as a false bow and a false stem, to 
enable the ship to pass through the water with the least 
resistance that we know how to obtain. This may be 
illustrated by what was done by Mr David Napier, an 
engineer who has originated many brilliant conceptions, 
many years ago on the Clyde. When a steamer brought 
out by him did not realize the speed he expected, carrying 
a heavy wave at her bow, and was beaten by her rival, he 
added a false bow of thin iron plate outside the bow of 
his wooden steamer, scarcely reaching above the water and 
being finished at the extremity in the form of a dolphin. 
This bow answered the desired purpose in every respect ; 
and it is considered that the unprotected bows and sterns of 
our iron-cased iron ships, with their water-tight shot-proof 
bulkheads, may be looked upon in the same light, wherever 
such bows and sterns are attached. 

The dockyards are at present engaged in cutting down Woodpn 
two and three decked ships of wood, and coating them with Ships iron- 
armour-plates, as proposed in 1857 by Captain Moorsom, *^**®^* 
and so as to form vessels similar to those which are being 
cx)nstructed by the French. 

Another and a smaller class of protected vessels are also Of a smaller 
now being constructed of wood, with the armour-plates class, 
made thinner at the extremities, after a design produced by 
Mr £. J. Reed. The importance of this class of vessels 
is obvious ; and it is to be hoped that they may realize all 
the expectations formed of them by their designer. 

Ships are also being cut down and coated with armour* 
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History, plate and prepared to receive turrets or shields according to 
..»v>^ the design of Captain Cowper Phipps Coles. He places one 
or more guns on a turn-table similar to those used on railways, 
with a perpendicular wall of armour-plate, with wood backing 
rising from the circumference of this turn-table, protecting 
the guns and the men working them, and revolving as may 
be desired. The turn-tables are worked by machinery, 
and the heaviest shields yet proposed will revolve with 
fiicility with 8 men at the handles. This promises to be a 
most important invention ; and it may be considered that by 
it Captain Coles has solved the problem of how to work the 
heaviest guns on board ship or on forts with the greatest 
ease, and with protection to the men, so as to give them 
confidence, witnout which there will be no effective firing 
against a powerful enemy in action. 

The French took active measures for the construction of 
a fleet of iron-cased ships at an earlier date than the British 
Admiralty. The views entertained by them were the same 
as those enunciated in this country in 1857 by Captain 



Moorsom. Their first vessel was La Gloire, a first-class History. 

fi-igate. She is built of wood, and is stated by Mr Scott ^<^/^<-^ 

Russell to have been constructed on the type of the well a.d. 1862. 

known and very successful French screw ship of the line, l^ Gloire. 

the Napoleon; but on taking as his type the Napoleon 

cut down, the naval constructor made all the changes in 

the design which the altered circumstances required, and 

the Gloire is even faster than the Napoleon. She is 252 

feet 6 inches long between the perpendiculars, and 55 feet 

beam, draws upwards of 27 feet of water, and has obtained 

a speed of 11^ knots per hour under steam. She carries 

her ports about 6 feet 6 inches out of water, and her armour 

at present is said to consist of 34 rifled guns, 54-pounder8, 

and two shell guns. Being of wood, she is armour-plated 

from stem to stem. She is built with an upright or rather 

receding stem, prepared for running down an opponent. 

The annexed wood-cut is made from a hand-sketch of her, 

made by Mr Cunningham on the spot, after she had been 

tried. Her engines are of 900 horse-power. 




The Warrior. 



From the sketch, it will be observed that the foremast is 
very fiu aft, and that the misenmast is very fkr forward. 
The position of these masts, therefore, will tend to ease the 
ship very much in pitching and soending ; and the moderate 
height of the masts, and their simple rig, will tend to ease 



her rolling. The rigging is carried very fiir afi, probably 
for the purpose of supporting the masts, in the event of the 
ship running stem on against an opponent, and having her 
way stopped. 

The Warrior and the Black Prince, the English iron- 
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HiBtory. cased first-class frigates, are built of iron, as before stated. 
v«*v^«^ They are 380 feet long between the perpendiculars, and 
A.D. 1862. about 420 feet long over all, 58 feet beam, and 41^ feet 
The War- deep from the spar deck, and of 6173 tons burden. The 
armour-plates with which they are sheathed are 4^ inches 
thick. They are not laid directly on the iron sheathing of the 
ship, but teak, 1 8 inches thick, is interposed between them 
ana the sheathing, with a view of supporting the armour- 
plates by the elasticity of the wood behind them, and also to 
prevent the bolts of the sheathing from beins started by the 
concussion when the plates are struck by snot The con- 
struction will be understood by the annexed section of the 
Black Prince, and by the explanation of the mode of con- 
structing iron ships, as given in the portion of this article 
devoted to practical shipbuilding. The engines of these 
firigates are of 1260 nominal horse-power. 




Seetlon of Blaek Ptinee. 



They arc constructed to carry 40 guns, 84 on the main 
deck, fdl 68-pounders, and on the upper deck 2 pivot guns, 



68-pounders, and 4 Armstrong guns. The ports are about History. 
9 feet above the water when the ship is ready for sea, with ^*— ^v**^ 
everything on board. The thick armour-plating does not a.d. 1862. 
extend for the whole length from stem to stem, but for a The War- 
length of about 213 feet in the middle, and for a height of'*^'^* 
22 feet vertically, 16 feet above the water-line, and 6 feet p^^ 
below it ; 26 gims are protected by this extent of armour. 
Near where the armour- pUting ceases, and a short distance 
within it, water-tight biJkheads, protected by similar armour- 
plates, are carried across the ship. The finely formed 
portions of the bow and the stern are constructed in the 
same manner as those of any strongly-built iron vessel, as 
explained hereafter, when treating of practical building. 
They are divided into a great number of water-tight com- 
partments, the bulkheads or divisions running fore and afl 
and athwartships and horizontally. On a minute examina- 
tion of all the details, great credit will be found to be due to 
the designers for the way in which the safety of the ship, and 
all the varied requirements of a man-of-war, have been pro- 
vided for, and also for the way in which the many contin- 
gencies to which such ships are subject have been provided 
against. It is quite evident that every one, convereant 
with the subject of naval architecture, and the various con- 
tending influences that have to be met, who will examine 
into the details of the Warrior or the Black Prince, must 
be satisfied that great thought and consideration have been 
given to the subject, and that, on the whole, tlie conclusions 
arrived at have been iudicious. Though these vessels are ^^^^ 
not specially preparea for it, they are equally able with La V^^^^ of 
Gloire to run down an opponent, if a desirable opportunity J|^^ ^ 
to do so should present itself. It is argued by some, that opponent, 
the English ships are too long for this purpose, and that they 
will therefore take too long a time, and too much room to 
turn, to be able to run down any vessel that sees their in- 
tention beforehand ; but the difference between them and La 
Gloire in this respect is not so great ; and if they are not 
fit, neither is La Gloire. Any one who has ever been 
present at a boat regatta, and has seen a duck or punt hunt, 
will know well, that a sharp and fast man-of-waPs gig, be it 
a little longer or a little shorter, is not the class of boat that 
will catch the duck ; and no more would La Gloire, under 
similar circumstances, get a chance of running down our 
gun -boats, if we were to surround her with the number that 
might be built for the sum of money that such a vessel as 
she is must cost. Frigates, corvettes, and gun-boats, might 
be constructed at very moderate cost, of plates sufficiently 
thick to make them safe against all known shell, and there- 
fi)re against fire ; and with sufficient divisions to make them 
almost unsinkable by any number of solid shot likely to 
strike them ; and they might be armed with guns, or rifled 
mortars, or carronades of extraordinary calibre, with both 
guns and crew safe within Captain Coles's shields, in the 
larger vessels at least Gun-boats so constructed and so 
armed would be serious opponents to these huge mail-clad 
ships. They could also be supplied with buoys carrying 
pieces of rope or chain, prepared to foul the screw pro- 
peller of their great opponents, and which, if thus deprived 
of their power of motion, would be very much at their mercy. 
The stems of the Defence and Resistance below water 
project forward beyond the line of the knee of the head, 
which forms an exterior or false stem beyond the real 
stem, which latter rises up perpendicularly in the interior, 
and is supported by a fore-ana-aft bulkhead. They are 
therefore equally prepared with La Gloire to run stem on 
into an adversary. It is not to be supposed, that in the 
event of a general close action of two neets, such vessels 
would " nut a muck" at full speed into the enemy's fleet, 
armed, as of course every vessel would be, with at least one 
or more guns, capable of injuring them in their weakest 
points, which would no doubt be known ; and if the fleets 
once came to close action, and the ships were with- 
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Hijtopy. out way, all chance of running each other down would 
' for the time be at an end. It is not the legitimate purpose 
of this article to discuss naval tactics, but these few remarks 
will perhaps be pardoned, as bearing upon the Question so 
important at this time, as to what class of vessel it is most 
judicious for this country to build, in addition to a sufficient 
number of mail-clad ships, to meet the extraordinary, and 
(as at least one high authority^ thinks) perhaps the passing 
circumstance of the construction of a certain number of 
ships of this class by the present Emperor of the French. 

It is not proposed here to discuss the disputed question 
of the relative value of the system of interposing a mass of 
timber between the armour-plates and the sheathing of the 
ship, compared with making the armour-plates themselves 
thicker, or using the weight rendered available by dispensing 
with the wooden sheathing in adding to the strength of the 
hull of the ship. It is evident that the introduction of this 
element of decay is much to be deprecated, if it can possibly 
be avoided, and the fact, true by mathematical deduction, 
and corroborated by the experiments at IShoeburyness, that 
the resistance of iron plates is increased in proportion to the 
squares of their depths, seems to indicate that increasing 
the thickness would be the proper course to pursue. On 
a ship clothed as the Warrior, armour-plates of 6 inches 
thick could thus be used, if the timber backing were dis- 
pensed with, without any increase of weight, and the resist- 
ance, as compared with that of a 4j^-inch plate, without, 
however, reckoning anything for the timber backing, would 
be nearly double. 

Mr Fairbairn of Manchester had a target constructed to 
test this principle ; but the bolts seem to have given way 
from the want of any elastic medium to take off the vibra- 
tion caused by the force of the blow of the shot. Mr Scott 
Russell also had a target of this kind constructed, which re-^ 
sisted all the attempts to penetrate it with any of the guna 
in use in the spring of 1 862. Twenty-eight shots, some of 
them of 160 and 160 lbs. weight, fired with charges up to 
60 lbs. of powder, some of them steel bolts with square 
heads, and also every ordinary description of mbsile, have 
been fired from the short distance of 200 yards, and have 
&iled to pass through it. Mr Whitworth'ls new bolts and 
gun have not yet been tried against it 

Mr Russell is understood firom the first to have been the 
consistent advocate of excluding wood from the structure 
of armour-plated vessels, and his target carries that principle 
into effect. The armour-plates are tliemselves only 4^ 
inches thick ; all the rest of the structure is of iron-plating» 
incorporated with, and contributing the whole of its strength 
to, the structure of the ship, so that no weight of material 
is wasted in mere backing. The structure of the ship here 
consists of two plates of an inch thickness, together with the 



layer of " continuous riveting," which forms another char- History, 
acteristic of the plan. This ** continuous riveting" of a pre- v^>s^,-i^^ 

Sared edge on one plate over the edge of the adjoining plate j^d. i862. 
as the effect of binding the armour-plates so firmly in their 
place, that though they may be shattered by shot, the parts 
do not fall away. There is, however, a strong feeling, in con- 
sequence of the effect produced by the 300-pounder Whit- 
worth gun lately tried (1862), that a wooden backing to pre- 
vent the splinters going into the ship cannot be dispensed with. 
The present year (1862) will be noted in the history of ships 
of war, as the year in which iron-plated ships were first 
brought into actual engagement, as has been the case in the 
course of the American war now raging. The Southern 
States having possession of a ver)* fine frigate, the Merrimac, ipj,^ 
of upwards of 3000 tons burden, cut her down and coated her American 
sides with iron, and built upon her at a sloping angle so as frigate 
to resemble the roof of a house, using such bars of iron as Merrimac. 
they could most readily obtain. Though protected in this 
rude manner only, she was found comparatively invulner- 
able by the guns then in use in the American navy, and 
she destroyed in a very short time two fine wooden vessels, 
the Cumberland and the Congress,belonging to the Northern 
States. She destroyed the former by running into her, and 
the latter by firing shell into her, creating the most dread- 
ful carnage and destruction. She was, however, soon met 
by a formidable opponent, the Monitor. This vessel is rphe Moni- 
composed of two rafts or vessels constructed of iron, the one tor. 
laid upon the top of the other, and projecting over it so as 
to protect the sides of the lower vessel from injury. On 
the deck or surface of the rafl is placed one of Capt. Coles' 
revolving shields, as before explained carrying two, evidently 
fi-om their effects, very heavy and powerAil guns. Her 
sides were not above one foot above the water when brought 
into action ; and the advantage of having great facility in 
turning, so as to be able to choose her position, was very 
evident according to the account given of the engagement. 
The dimensions of this vessel are as follow ^-~ 

LeDgth of upper vessel, . • . • 172 feet. 

Beam of do. do. . • « . 41) „ 

Depth of do. do. . • .^ • 6 „ 

Length of lower vessel, .... 124 „ 
Beam of lower vessel at junction with upper vessel, 34 „ 

Beam at bottom, . . . • • 18 t, 

Depth of lower vessel, . . « . 6) „ 

Diameter of turret inside, . . • 20 „ 

Height of turret, . . . • . 9 „ 

Diameter of pilot-house, . • . . 6 „ 

Height above deck, . . „ . 5 „ 

It will now be necessary to return to the mercantile ma- 
rine, and notice shortly the progress made therein within the 
last few years, leaving this part of the subject, however, to 
be more largely treated of under the head of '* Steam-Ships." 
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Extract from Return of British Merchant- Shipping by the Registrar- General of the Board of Trade. 



Tear. 


Nomber and Tonnage of New Vetsels 
Built and Registered in the Brttiah 
Empire in each Year. 


Total Nnmber of RegUtered Merchant- Vessels belonging to the British 
£m pire in eaoh Year. 


Hen. 


Sailing Vessels. 


Steamers. 


Sailing Veisels. 


Steamers. 


ToUl. 


Namber. 


Tons. 


Number. 


Tons. 


Namber. 


Tons. 


Namber. 


Tons. 


Namber. 


Tons, 


1840 
1845 
1850 
1855 


1904 
1183 
1381 
1319 


285,289 
154,783 
229,603 
305,113 


77 

73 

81 

263 


10,639 
11,950 
15,527 
84,862 


28,138 
30,805 
32,938 
33,782 


3,216.731 
3,582,859 
4,045,331 
4,842,263 


824 
1012 
1350 
1910 


95,807 
131,202 
187,631 
408,290 


28,962 
31,817 
34,288 
35,692 


3,311,538 
3.714,061 
4,232,962 
5,250,553 


201,340 
224,900 
239.283 
261,194 



Prof^ressof In the merchant-service, the screw, for some time afler 
Screw- i\^Q trials of the Archimedes and the Rattler, though they 
were generally looked upon as prognosticating success, 
made but little progress. A company trading to Rotterdam, 
Messrs Laming and Company, were amongst the first to 
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adopt it ; and the mercantile marine owes much to their 
enterprising spirit in this respect Their vessels were 
very successful, and attracted much attention from the 
time of their first introduction ; and doubtless much of their 
immediate success may be attributed to men of high stand- 



1 The late Sir Howard Douglas expressed this opinion in a letter addressed to the Institution of Kaval Architects, and in which the 
writer is inclined to agree with him, though differing from him in his opinion in favour of wooden ships. 
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History, ing in their respective professions of ship-builders and 
«»v^^ engineers being employed in their construction, and being 
lefl unfettered to work out the end that was desired. From 
that time screw- vessels, constructed of iron, began rapidly 
to supersede paddle-wheel steamers and sailing vessels, 
especially for the conveyance of perishable merchandize, 
such as fruit and provisions ; and the great capability of 
combining sailing and steaming which the screw affords, 
is causing a continued and riipid increase of auxiliary 
steamers. The preceding table of the merchant-shipping 
of the country shows the extent to which the substitution 
of steamers for sailing vessels is taking place. 

Reference has been previously maae to the beneficial 
influence of the yacht clubs throughout the country. The 
English yachts were supposed to be unrivalled in speed ; 
and in I80I a challenge cup was given, open to the whole 
world for competition. A yacht from America, however, 
came over to this country, and carried off the prize. She 
soon showed such great superiority that the favourite 
English yachts at once gave up the contest, and it appeared 
likely that she would be allowed to walk over the course. 
To prevent tliis the late Mr Robert Stephenson entered 
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his yacht, the Titania, built by Mr Scott Russell, to com- History, 
pete with her, and thus give her an opportunity of showing ^^i^^—- ^ 
the extent of her superiority, and on what points that supe- a.d. 1862. 
riority was greatest. Representations of these two yachts are 
given in Plates V^ & VI., and their relative performances 
and qualities will be examined hereafter. Though the intro- 
duction of steam has done much to lessen the interest taken 
in yachting, yet it is to be hoped that the valuable encour- 
agement given to naval architects, and to the maritime 
predilections of the country by yachting clubs will be con- 
tinued, and that many will follow the example already set 
by a few spirited men, of placing a small amount of auxi- 
liary steam-power in their yachts with screw-propellers. 
This is done without impairing their beauty, and renders 
them certain in their movements when desired. 

In connection with this subject, and as a means of form- Rowing 
ing a taste for it, the rowing and racing boats of the youths Racing 
at public schools, and of the young men at the universities Boats, 
and elsewhere, may be mentioned. The following may be 
taken as the average performances of such boats at the pre- 
sent day. The drawings and the dimensions are from boats 
built by Messrs Searle and Sons of Lambeth, London :^ 
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Rahdam Oio, 28 Feet Lonf. 
▲ Pleaiiire Boat for threo Pairt of SooUi ; or for a Pair of Scnlli in the middle, and irith a liocle Oar or Soull fonrard aad aft in addition 

when desired. 



▲ ScuLLXvo OiTTaiooim, 80 Feet Lonf. 
New Stjle for Baoinf in Smooth Water. 



EMBT-OAmBD OnTEiooBa, 60 Feet Loaf« 
New Stjle for Racing in Smooth Water. 



2^ 



^ '^ 
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.^L. 



Eiobt-Oaeid Ccttib, 00 Feet Lonf. 
The Old Style of Racing Boat, or for Water for which the Ontrigg«r ii eonddered of too ilight a Build. 




Description of Boat, 


Length. 


Breadth. 


Depth. 


Weight, 


Maximnm 
speed per hour 
in still water. 


OuTRiGGBR Racing Boats— 

OtitriocrAf* sciillinff hoat .>.•.......*• 


Feet. 

32 

34 
42 to 46 
50 to 64 
57 to 66 

30 

32. 
40 to 42 
46 to 60 
64 to 68 

23 to 26 
27 to 30 
40 to 42 
66 to 48 
64 to 68 


Ft. In. Ft. In. 

10 to 1 2 
\ 3tol 6 

1 10 to 2 3 

2 0to2 4 

2 2to2 4 

3 4to3 6 
3 4to3 6 
3 6to3 8 
3 6to3 8 
3 6to3 8 

3 6to3 8 
3 6to3 8 
3 4to3 6 
3 4 to3 6 
3 2to3 4 


8}cin. 

9 to 11 in. 

Ifoot. 

1 M 

1 „ 

Ft. In. Ft. In. 
I Otol 2 
1 Otol 3 
1 Itol 3 
1 Itol 3 
1 Itol 3 

1 foot 4 In. 

1 „ * « 
1 ,. 3 „ 
1 „ 8., 
1 .. 2 „ 


Ih. 

30 to 40 

45 to 65 

100 to 112 

160 to 190 

280 to 330 

66 to 60 
100 to 140 
224 to 280 
336 to 376 
620 to 600 

180 to 200 
200 to 224 
250 to 300 
350 to 400 
560 to 680 


MUee. 
6 
6ito 7 
8ito 9 
9 to 9^ 
9itol0 

6 

7Jto 8 

8 

8ito 9 

4 to 4i 

6 
6} to 7 


i>air-oared 


foar«oared ..••• •...••••••...•••• 


gix-oar^d -t •--- 


aiffht-oared 


Racing Boats of thb old style— 

Renllinff boat 


R«.n(1ftn vrhftrrv 




SiZ'.oarad cutter • • 


Fiiirhti-fiared catU*r ...r..,...,..-'. t 


TUK LIGHTKR KIND OF PLBASURB BOATS — . 
Pair^iared sriff 


R&ndAn iriff . 


Foar>oared iricf 


Six-OAred oriff 


Blght-oared gig 



Q,^^ To pass from these diminutive but beautiful specimens 

EMtani* of naval architecture, the last great work which requires to 
be noticed in this brief outline of the history of the rise 
and progress of ship-building is the construction of the 
Great Eastern, Plate VIII. The dimensions of this vessel, 
as given on the plate, are so fiir beyond those of ordinary 
vessels, tliat it is necessary to draw particular attention to 



them. Her performances will be discussed hereafter, but 
the results predicted by science as to her speed, with a given 
amount of steam-power, appear 10 have been realized ; and 
this being the case, it is evident that her success or faihire 
commercially must depend entirely on the profits, reckoned 
on the proper cost for the construction of such a vessel, 
and on proper economy of management. 
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DESCUIPnON OF THE MANNER OF PERFORMINO THE CALCU- 
LATIONS INCIDENTAL TO DESIGNING A SHIP, WITH INVES- 
TIGATIONS OF SOME OF THE PRINCIPAL ELEMENTS OF THE 
DESIGN. 

The labours of the numerous men of science who have 
devoted either the whole or a portion of their attention to 
the various problems embraced in the theory of ship, have 
left but few of its abstract principles uninvestigated ; most 
of the proportions of a ship have been examined, and the 
laws on which they depend clearly defined, either by the 
aid of mathematical demonstration, or by experimental in- 
duction. There are, however, some questions which, 
though sound in theory, still depend on the results of 
physical experiments for perfecting their practical applica- 
tion. 

Many of the elements of naval construction are dependent 
on the known laws of nature ; and it may now be said that 
the principal difficulties of these are surmounted, and are 
familiar to the instructed naval architect. These are of 
themselves sufficient to insure the attainment of a certain 
and considerable degree of excellency in a ship, to give it 
a preponderance of any given quality, to discover the causes 
of any bad quality, and to point out the means of providing 
a remedy for the faults discovered. 

The forces which act upon a ship in motion, in a fluid, 
even though the fluid be at rest, are as yet but imperfectly 
defined by mathematicians ; and the elements of naval con- 
struction dependent on the laws regulating them are, there- 
fore, less known and less certain in their application. The 
form of a ship*s body need not, however, remain imperfect, 
because the curve of the solid of least resistance is uncer- 
tain, since enough has resulted from the consideration of 
the nature of that solid to prove its inapplicability to vessels 
in general ; and theoretic perfection of the science in this 
particular would, therefore, be of no practical utility. 

A very unphilosophic mode of reasoning is frequently 
applied to the question of the application of the exact 
sciences to naval architecture. It nas been argued, that 
because men without any great amount of scientific know- 
ledge have produced good ships, therefore the exact sciences 
are not necessary for the advancement of naval architecture. 
In such instances the success has resulted in some cases 
from chance, in others from induction afler a succession of 
failures, but more frequently from the results of observa- 
tions on other good ships ; and in all these cases, wherever 
the changes from a foregoing example have been of any 
moment, the result has been a matter of doubt until tested 
by trial after completion. It is true that the scientific 
naval architect cannot efiect, by any mathematical process, 
the synthetical composition of a perfect ship, but he may, 
by the application of the principles fully established and 
known to him, produce one with a full confidence of its 
possessing a preponderance of those qualities which he has 
considered it desirable that it should possess. The mistake 
is in the assumption that men of science consider that the 
theory of naval architecture is already perfected, and is a 
definite science, whereas this is far from being the case ; 
and it can only be advanced gradually to a greater degree 
of perfection by an analysis of the actual performances of 
ships at sea, collected and registered, and the abstract 
sciences then brought to bear upon them. In every science 
a perfect theory is the result of the perfection of the science. 
The time is gone by, when a theory was first formed, and 
facts were then warped or twisted to suit the pre-con- 
ceived theory. 

It is now proposed to proceed to show, m as concise a man- 
ner as possible, the method of performing the calculations 
necessary to determine the essential elements of tlie design 
of a ship's body, and which are required in the course of pre- 
paring the original draught or drawing. The rules to find 



the areas of plane figures, bounded by straight lines and Calcola- 
curves, will first be given ; and afterwards those for finding *»on8 inci- 
the volumes of solidis, bounded by planes and curvilinear ^®°^»*. ^ 

To find the area of a plane area, bounded by straight lines 
and a curve. 

Art. 1. If the area is symmetrical in regard to the line Aj A^, Simpson's 
that is, if a line Aj A« can be foond to divide the area into two TTi\e% for 



equal parts, as Aj a^ and A^h^', — 



finding the 



Divide this line (or axis) into a convenient number of equal areas of 
parts, taking care to have an even number of such parts, then draw plane sur- 
the lines Aj a^, A^ct^ A, a,, &c., A^a^^ at right angles to the line^c^<!OS. 
Aj A|» , through the points Aj, A,, A,, &c., A|», and meeting the 
curve in the points a,, a,, a,, ^., a^t these lines being called 
ordinates ; 

The second. A, a^ fourth, A 4 a^, &e., are called the bvbn ordi- 



nates. The third A^a^ 



K a., &c., are called the odd ordi- 



nates (the first and last being omitted). 

Then, if these ordinates be measured on the same scale 
as the equal distances Aj A^ A, A^ &c., the following rules 
will give the area of the figure :— - 

Rule I. — To the sum of the first and last ordinates add^xM I., 
four times the sum of all the even ordinates, and twice M^ commonly 
sum of all the odd ordinates {omitting the first and last) ; known as^ 
multiply this final sum by the common distance between the'^^F^^?^^^ 
ordinates, divide by 3, and the result will be the area ^ ^' 
(nearly). 

Not* 1. — The following is the usual demonstration given to this First de- 
rule, which is due to Thomas Simpson, who was Professor of Mathe- monstra- 
matics at Woolwich, about the middle of the last century : — tion to 

"Simpson's 



»jr 


^-ir— ^ 


f 


1 


fl^j-^^^ 












f 




^ 






Aj ^lAj A*yA, 





ffift 



Rule*' for 
finding the 
area of a 
curvilinear 



Fig. 8. 
Referring to fig. 3, 

Put A| aj = «|, A2 a, =: CE,, A3 03 = m,* ^^m ^« <*•» = 'lu 

A. A* SS />« 'A« ^S A« Aji SC«, A^ ^ I Af^ ^Si A 

We suppose a parabolic curve, the equation to which is 

y = A+B« + C«> (1) 

to pass through the three points a^, a,, a, ; for since (1) contains 
three arbitrary constants A, B, C, we can, as is well known, make 
the curve (1) pass through three given points. Now, since (1) 
passes through a^ we know (if Aj be taken as origin) that y = «, 
when « = o ; when « = A, y ^ at, = A, a,, and y =: c^ == A, 03 
when « ^ 2 A ; hence we have the following equations : — 

«j = A . . (2) a, = «i + B A + C A« . . (3) •, = «i + 2 B A 
+ 4 C A' . . (4) between (3) and (4) we readily determine B and 
C, vi*.:— 



B = i^ 



2A 



2A« 



(6) 



Introducing these values into (1), we obtain 



y=- + -2A- 



^ 2A« 



But by the Integral Calculus we know that the area of a curve Ur 
represented by 

y'^y dse, taken between proper limits. In the present case these 
limits are o and 2A. 

.-. area of A, a,, or /"* ydx=^2m, A + /t*^^— J^- -' "N A • 
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after 



a little reduction. 

AgAiUf by making a parabola of the same form as (1) pass through 
the three pointo a,, a^, a^, we obtain a result precisely similar to 
the above, that is, 

area A, a^ = ^(ag + #15 + 4«^ and 



area A^ o^ =- («8+«, + 4ii^). 



areaA«. 



■3' 



i)- 



Adding these areas we find 

(I.) Area A^a^z^-^ | «i+««+4(«2+«4+«6+*c-» «•-«) 

It onght to be observed that in the application of this, and the 
following roles, an odd number of ordinates are always to be taken, 
and the nearer the ordinates are taken, that is, the less the common 
interval, the more nearly will the final result approach the tru$ 
area of the figure. 

Second de- For those who are not familiar 

monstra- with the Integral Calculus, another 

tion to demonstration may be obtained, as 

*<Simpson's follows :— 

Rule," Through the point Oy draw a tan- 

without gent to the parabola which passes 

the aid of through o^, a,, a,, and produce Aj 

the *' Inte- a^ A, a,, to meet this tangent in 

gral Calcu- the points and d ; join «] Os * ^^' 
tersecting A, a, in 6 ; through a, 
and c draw a and a^ f parallel to 
A, A,, then it is shown in all works 
on €k>nic Sections that a, a, is pa- 
rallel toed. Hence by Buc. i. 35— 

ParalP a, d = paral? ef, because they are on the same base and 
between the same parallels A^ c^. A, d. 



Ina.'' 




Now, 



. A,6 = ^^^'I't^?^' and A, a, = «, 



.-. area of parabola a, ba^a;^ai:=i jV^nl^ a, d = jparal?" a/ 1 
= |(-, - ^»^) x2A,sinc6 A, A, = a/=2*. 

Also area of trapesoid Aj a^ a. A, =r f — * ^ *^ 1 Aj A, 

Adding these two areas, we obtain that of the whole figure 
A,a,a,a,A, = |{3«,+3«, + 4«,-2«,-2ii, } 



ordinate) ; mtUliply ihisJincU sum by three times the com- Calcula- 
mon distance between the ordituUes, divide the product by ^^^^* '"^^^i* 
8, and the result will give the area {nearly). deri^in*" 

Nou 2. — To obtain what naval architects call the ** Second Uule," a Ship, 
we suppose a parabola, the equation to which is v ^ -^ ^ 

y = A + B«+C*« + D*« (1) Demon. 

to pass through the four points a^ a,, a^a^ (fig. 3), the four con- stration to 
stants being determined by these conditions ; that is, when m takes " Second 
the successive values 0, A, 2h, 3A; y becomes «p «,, «,, and «^; Uule." 
hence the following equations : 

icjisA (2) *•* when « = o y ^ «i 

«j-ai=BA + CA« + DA« (3)v whena! = A, y =«, 

•i3-«j=2BA + 4CA«+8DA« ... (4) V when « = 2A, y = •, 
ic^-«,=3BA+9CA«+27DA« . . (5) v when » = 3A, y = .^ 

(4)-(3)x2give8«5-2a3+«^ = 2CA«+6DA« (6) 

(6) + (3)-(4)x2give8«4-2«5+«, = 2CA« + 12DA« (7) 

(7)-(6) gives 6DA« = «4-3«3 + 3«,-«, (8) 

Prom (6) and (8) 2CA« = a^ + 4.3 - 5«, + 2«, (9) 

From (3), (8) and (9) 6BA = 2«4-9«3 + 18«,- lUj . . . (10) 

Butarea, o/*^ycte=^^* { A + B' + Cx-+ D«. ) cto 

(we write the limits of m, o and 3A, because at A. , « is o, and at A^, 
• is 3A). 



By repeating this process for the area of the figures A^ a, 04 a^ 
A^ Ac, &c., and adding the results, we obtain for the whole area 
A, a^ the same result as before. 

If «, were less than a^, the parabola would be convex towards 
Aj A, ; but the same rule would still apply, for AJk would then be 

equal to ^ ^-o^ and this introduced into the form for finding 

the area of the parabola, leads to the same result as that already 

obtained. 
•* Second," Another demonstration, on different principles, will be given in 
or ** Ith Note (3.) 

Rule II. — To the sum of the first and last ordinates^ add 
THREE TIMES the sum ofthe second^ thirds fifths sixths eighth, 
ninths ifc^ ordinates, and twice the sum of the fourth^ 
9tvetuhy terUh, thirteenth, Sfc, ordinates {omitting the last 



Area A, 



1 a4 = ~ I 8 A + 12 BA+24CA«+54 DA«. I 



Introducing the values of A, B, C, and D, given by the above 
equations, we find, after some obvious reductions, 

AreaA,a4 = ~|«i + «4+3«5+3«,| (H.) 

In like manner, by making a curve similar to (I) pass through 
the points a^, a^, a,, a^ we have 

AreaA^OySss - |«^+«, + 3ii5+3«,j (12.) 

AreaAyaio=|* {«y+«xo + 3-5 + 3«,} (la) 

AreaA._,a,= - |«.-,+«.+3«,_,+3«,., J . . (»,) 

Adding equations (II), (12), (13), &c, (N), we get 

3A f 
(II.) AreaA,a.= g- 1 «i + «• + 3 («,+ «, +«j + «, + Ac, s^, 

+m,-.i)+2(«4 + «,+«,o +&c..«,_^| 

It will be seen from the foregoing method that we may mako a Method of 
curve of the form obtaining 

y = A+B«+C««+D«« + B**+&c,Na;^, otherrules. 

pass through n points, taking care that the equation shall contain 
n arbitrary constants, to be determined by the conditions that the 
curve may pass through aj, a,, a,, a^, &c., on (fig. 3, page 30), when 
a and y are respectively « = o, « = A, «=:2A, Ac., m =: (n-1) A, 

y = «i»y = «r y = «>» &c., y=«n, 

Ap 14, «,, Ac., and A, having the same interpretation as before ; the 
ordinates being taken at equal distances apart, as on this hypothesis 
the calculation of the area is much simplified. 

Rules obtained after this manner for any given number of ordi- 
nates will, in general, give us the area of the figure more correctly 
than if we employed the preceding rules, because in the latter case 
we suppose a continuous curve to pass through the given points, 
whereas, in the former cases, we have a serUi 0/ curvet passing 
through the given points, and the curvilinear boundary is itself 
supposed to be a continuous curve. Such rules (for many ordinates) 
give rise to a great deal of labour in obtaining them, and entail 
almost as much labour in their apptication. Li the latter case, 
moreover, logarithms will assist us to some extent, and in the former. 



1 The equation to a parabola being y* = 4mz,orys2iii«zi . . 

Area,or/*'ydx = 2«l /*'xid« = ^=: i^by(l) 

Im 2 
•*. area = -^ :s — circumscribed parallelogram. 
3 o 



(1) 
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Caleala- there are some remarkable properties of the nataral numbers con- 
tioDS inci- nected with the determination of the arbitrary constants, and on 
dental to which perhaps more light may hereafter be thrown. I have re- 
lesigning marked some carious properties of the squares, cubes, &c., of num- 
a Ship, bers connected with the eliminations. There can be no doubt that 
^m^^i^B^ many other rules of a very simple kind may be obtained on the 
condition that any number of the constants may disappear from the 
general equation, which is equivalent to as many conditions. 
Rules for Emerson, in his ArUhmeHo of Infinites, published by Nourse In 
different the year 1767, gives the following formula, obtained by the fore- 
numbers of going processes — from one up to nine ordinates. 

ordinatet, Apea = A«, for one ordinate. 

= T- («i+«j) for two ordinates. 

(1)=- (iti + aj+Aftj) for three ordinates. 

(2) = ^/«i+«4 + 3(«,+«,)| .... for four ordinates. 

(3) = ^ I 7 («i + «6) + 82 («, + «4) + 12 «j I for five ordinates. 
W = ^ ( 19 («i+««) + 75 (•,+«.)+«0 (-, + «4) } »i^ do. 

(5) = iJ^- ( 41 («i + «7) + 216 (-, + «e) + 27 («3 + «,)+272 «, } 

for seven ordinates. 
(6)= 3~g5 ( 751 (•j+«^ + 3677(«,+«,) + 1323(«,+«e)+2989 

(«u + atA \ for eight ordinates. 

a) = j^|989(«i+«,)+6888(«j+«8)-928(«,+«7) +10496 
(114 -hft^— 4540 m^f \ for nine ordinates. 

Where extreme accuracy is required, these may be combined in 
such a way as to give the area. For Instance, If there were fif- 
teen ordinates In a figure, (5) and (7) may be combined, remember- 
ing that the last ordinate of (5) becomes the first in (7), &e., &c 

When seven ordinates are considered sufficient, the following 
elegant rule, due to the late Mr Thomas Weddle, of the Military 
College, Sandhurst, may be employed : — 

Rule III., Rule III. — When seven ordinates are employed.^ To Jive 

or Mr Wed- Hmes the sum of the even ordinates, add the fourth^ or 

dle*s Role, middle ordinate^ and all the odd ordinates ; multiply this 

sum by three times the common distance between the ordi' 

nates, divide by 10, and the result will give the area 

(nearly).* 

jVoM 3. — The Calculus of Finite Differences may be advanta- 
geously employed to approximate to the areas of surfaces, lengths 
of curves, volumes of solids, centres of gravity, moments of inertia, 
Ac. For triple integrals may generally be reduced to integrals of 
the form 

/ udm 

Applica- where u represents a function of «, or / («), as It is usaally written, 

tion of the and «|, m^ represent the limits of the Integral. 

Calculus of 27ow, if we suppose m to vary by the constant difference Ax, we 

Finite Dif- « 

ferences to »*y snppow » = — . "^d If «p m^ «,, Ac., «n be the values of u 

^"findfn "^^ when * = 0, 1, 2, 3, Ac, », we have, by Taylor's theorem, 

cu%m;:f^^ 

figures. g^^ ^^ hypothesis Ax is constant, and according to the* notation 

we have previously employed, we may suppose it = A .•. ^=ss,and 

— = dt. Multiplying each side of (1) by these differentials, and 
integrating, we have 

A»« 
1.2-3 
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. /ff _ 6** 11_^ ef\ A*«j A« 10*« 35** 60j> Calcnla- 
\5 4'*"3'"27 1-2-3-4"*" I 6 5" "*" 1 T" **«''• »nci' 

+ -2-JL£ 

4. (C^ Hflx ®^ '■ 225 1*^ 274 *• 120 *>\ A««, 
^V^ 6 ^-^ r"+-3 2~j|~6- 

/»2 21*7 175^ 735 *«^ 16241* 1764*8 720 *2\ 

V8"" 7 ■*■ 6 """s^+^r"' — r"'*""2~/ 



t 



A- It 28i» 322 jy 1960£« 6769£f 13132 1* 
V9" 8 ■*■ 7 " 6 ■*■ 6 4 — "*■ 



13068 fS 



5040 «a 



/«w 86 *• 

V10--T" 



546 *• 



8 



1181241* 



4636#7 22449i« 

<T + "a " 



67284 «• 



109584 s» . 40320 !« 



(zii 45 fW 
il""io-- 






870 #• 
9 ' 



9450 !• . 63273 g7 
8 + 7 



269325 «« 



6 
723680 !» 1172700 g*. 1026576^3 362880 2a 



8 



10 



) 



(z" 55 1" 
12 11 



, 1320 1^0 18150 i» . 157773 g» 902055*7 

10 "" 9 **■ 8 7 

34169302« 8409500 f* 12753576 1* 10628640 «3 
+ /I — « + I 5 



6 
3628800 



(«W 662" 
13" 12 



f2\ A»«, 



1925 1^ 32670 g^0 35742jg 2637558 1» 

■*■ 11 10 "*■ 9 8 

^ 13339545 <7 45995730i» . 1052588762 ^ 150917976f* 



+ 
+ Ac, 



7 6 

120543840 sS 35916800 



3 

+ 



i)fS^ 



Ac, 



(2.) 



The coefficients in each of these terms are readily obtained bj 
multiplying (p - 1) (p-2) (p - 3) (p - 4) (p-6). &c (p - «) to- 
gether. 

If we take this integral between the limlto 1 s= and t s 2, 
which correspond to« = 0andsis2A, after multiplying by A. 

^ «d« = A {2.. + 2^. + 1 A««, -i A*«. + ig A*.. - 



/ 



37 
3780 ^'"t + **^1 

But by the principles of the Calculus of Finite Differences : 



= «• - «i 



■JT 



udx 



A*«j = «, — 2«, + «j 



Now, If we add similar expressions fbr the area included between 
« = 2A and « = 4A; « =s 4A and « = 6A, &c « = (n— 2) A and 
« = nA (n being an even number). 



1 Seven, thirteen, nineteen, Ac, ordinates, may be employed on the same hypothesis, as is mentioned hereafter. 
' The fourth ordinate Is considered among the eren ordinates. 
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SO 
+ &c. &c. && 



Bf RftU(L) 

Ordinate!. Bran Ordinate!. Odd Ordinatea. 

1 let ord. 2 3 

1 last do. 4 5 

4 3 

2 sum of Ist and last ord. 2 — 

48 four times sum of even do. — 11 sum of odd ord. 
22 twice sum of odd do. 12 sum of even ord. 2 

— 4 — 
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(3) 



The first line corresponds to the Rule we have already obtained 
(I.) by supposing a parabola to pass through the extremities of the 
ordinates «^, «,, «, ; and another through «g, «^, m^, &c. 

The following terms are the correction of the first line ; hence, 

when g^reat accuracy is required, the following resulu may be taken 

into account 

Demon- To obtain Rule (Ill.)f we only have to suppose the integral (1) 

stration of taken between the limits « = and « z=: 6, or « = and « = 6a(, 

Mr Wed- as was done by Mr Weddle in his demonstration, given in the 

die's Rule. Dublin and Cambridge Matketnatieai Joumal for February 1856, 

which is similar to this : 

)h 123 * 

«<ifli = A {6«^ + 18 A«j + 27 A««j + 24 A»«, + -j^^ «i 



72 
1 = i common dis^uioe. 


48 — four times do. 


22 twice sum of da 


72=:area. 






By Rule (II) 
Ordinates. Ordinates. 
1 first ord. 2 second ord^ 

1 last do. 3 third do. 

5 fifth do. 

2 sum of 1st and last ord. 4 sixth do. 
.f. f - thrice sum of 2d, 2 eight do. 
***! 3d, 6th, 6th, Ac — 

14 twice sum of 4th, 7th. 16 sum of do. 
— 3 
64 — 
9 = 3 times com. dist 48 three timet sum 


Ordlnataa. 
4 fourth ord. 
3 seventh do. 

7 sum of do. 
2 

14 twice sum of do. 


of do. 
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And we may suppose rixth differences constant, and then all the 
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terms after A**! in (4) will vanish ; but y-r; differs from 
the small fraction r^ ; hence, instead of r^? we may write 



140' 



140 



140 



or j~ without material error. Replacing Ak^ by «, -* «j, A*«i by 

«3->2«2 + «i> A'flj by «^-3i^ -f 3ff|-iii &c., after some obvloui 
reductions (4) becomes 

^******=I5l*i +«, + «5 + «7 + «(•> + «6) + 61.4} 

3h ( 
= 10\"i + *» + ** + *» + *» + ^^*» + ** 

+ «.) } («.) 

< From the foregoing investigation, it is dear, that formula (5.) 
gives the smicI area, when fifth differences are constant, while it 

differs (in excess) from the true value by ^Tq A'iC|When Hwth, or 



even ieimuh, differences are constant. In other cases it will give 
the area very nearly, providing the differences, beginning at the 
sixth, are small.'' ^ 

As many rules as we please may be obtained by integratiug (1.) 
from # = to « = 1, # = 0to# = 2, x = 0to« = 3, « = 0to 
s = 4, &c. : from z := to s = n, and, neglecting small quantities, 
as has been done by Mr Weddle, and by suppling the (n— 1)*^ 
order of differences constant. ' 

Rule (II.) may be obtained by integrating equations (1.) from 
# = to 4 = 3, which will be the same as supposing a series of 
parabolas to pass through the extremities of «j, «,, «,, m^ ; ^4, «g, «^, 
a,, &c., as was the case in formula (3). 

In these rules, if the curve passes through A^ or A^, the 
first or last ordinate must be considered 0. 
Bzmmples Some examples will now be given on the application of 

on the fore- the preceding rules. 

ffolnff 

ralM. (!•) Find the area of a figure, bounded by right lines and 

a curve, the ordinates of which are taken at 3 feet apart, 
and measure 1, 2, 3, 4, 5, 4, 3, 2, and 1 feet respectively. 



8)576 

72 = area, which agrees exactly with the area obtained by 
Rule (I.) 

(2.) Find the area of a figure where the ordinates are 
10, 12, 13, 14, 13, 12, and 10 feet, respectively, and the 
common distance 2 feet 

By Rule (I.) Area s= || 10 + 10 + 4 (12 + 14 + 12) -f 2 
(13 + 13)} = 149i feet. 

ByRuIe(a) Area = ?-|^| 10 + 10 + 3(12 + 13 + 18 + 
12) + 2x14} = 1481 feet 

By Rule (III.) Area = i^ | Kr+ 13 + 14 + 13 + 10 + 6 

(12 + 14 + 12)} = 150 feet. 

(3.) Find the area where the ordinates are 20*75, 21*78, 
22*56, 23*79, 22*64, 21*51 ; and 21*51, the common dis- 
tance being 6 feet. 

By Rule (I.) Area = | [ 20-76 + 21-61 + 4 (21-78 + 28-79 
+ 21-51) + 2 (22-66 + 22-64)} 
= 801-96 feet 

ByRulo(n.) Area = iy? 1 20-76 + 21-61 + 8(21-78 + 

22-56 + 22-64 + 21-61) + 2 X 
23-79} = 799-4476. 

By Rttlo (IIL) Area a: ^^ | 20-76 + 22-66 + 2879 -l- 22-64 

+ 21-61 + 6 (21-78 + 28-79 + 
21-61)} = 808-97. 



As is stated in Note (3.), Rule (III.) 
can only be applied to obtain a very near 
approximation to the true area when the 
sixth and seventh ordinates are alike, or 
differ by a very small quantity. 

By applying these rules to find 
the area of the quadrant A ^ 07, the 

radius of which is 6 feet, it will be _^ 

seen how much the results differ Ai a^ Aj -^-t A^ a^ Xf 
from the true area. Fig. a. 




' Tejt of the 
accuracy of 
tlie differ- 
ent rules. 



A The Dub. and C, Math, Journal, Fob. 1854. 

* The coefficients of the various orders of differences have been extended, in order that the reader may obtain some of these rules for 



kimself. 
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Oalcoia- 

tions inci- 

^lental to 

designing 

a Ship. 



Divide the radios Aj A^ into six equal parts (Fig. 5), and erect 
the ordinates A, a„ A, a,, &c. observing that Aj a^ = 0. 

A, a, = ^(A,aj)«-(A, A^« = ^6^33^ = Vu^ 8-3163 

A, a, = ^(A,a3)»-(A7 A,)« = ^6^4^ =r ^20 = 4-4721 

A4 a^ = V6«-3« = V2Tz=z 6-1961 

A, a, = V6«-2« = ^32"= 6-6668 

Aj a, = Ve'-l* = V36"= 6-9160 

Ay Oy =6 

The area found by Rule (I.) = 27-9901 feet. 

(II.) =27-9286 „ 

(III.) = 280401 „ 
Apply formula (6.) given at the end of Note (1.) 

Area = A | 41 (.^ + .^) + 216 («, + »,) + 27 (-, + •») + 
fi72.J 

Where h = 6, «i = 0, «j = 3-3163, «, = 4-4721, dtc 
And area r= 2805 feet. 

But true area of quadrant = ^' ^ ^'^*^^ = 28-2744, so that 

Rule (III.) and formula (6.). in the present case, give the area 
almost accurately. 

(4.) The ordinate^ of a curve taken 6 feet apart are, 20, 
22, 24, 25 ; 24, 28, and 21 feet, respectively : find the area 
of the figure. 

By Rule (I.) Area sx || 20 + 21 + 4 (22 + 25 + 23) + 2 

(24 + 24)} = 834 feet. 
By Rule (II.) Area = ?-|-5 | 20 + 21 + 3 (22 + 24 + 24 
+ 23) + 2 X 25| = 832-6 feeL 



Examples 
for prac- 
tice. 



Dlfplaoe- 
mtnt 



fltne of 
flotation. 



By Rule (III.) Area = 



3x6 | 
10 



* I 20 + 24 +26 +21 + 6(22 + 

25 + 23} =: 836-2 feet. 

By fonLiilt(6.) Ares = ^ | 20 + 21 + 216 (22 + 23) + 27 

(24 + 24; + 272 X 25} = 835-6 
feet 

(5.) Find the area, when the ordinates, taken 4 feet apart 
measure 0. 2-275, 3-476, 4-567, 5-673, 6-451, 6-341, 4-236, 
8*254, 3-065, 2*784, 1-876, and 0, respecuvely. 

By Rule (I.) Area =: 174-6293. 

(6.) Find the area by Rules (II.) and (III.) when the 
ordinateS) taken I foot apart, measure, 0, l-7684» 2-3457, 
8-4567, 3-214, 2-97654. and 2*8543 feet, respectively. 

By Rule (II.) Area = 16-2556, &c. 

By Rule (III.) Area =: 16-86367 

Art. 2. Dep.— By the Displacement of a ship is meant 
the volume of water which the ship displaces when floating 
on its surface. 

Now, by the principles of Hydrostatics, it is well known 
that the weight of a body floating in water, or any other 
fluid, is equal to the weight of the water or fluid displaced. 
Hence, after obtaining the displacement of a body, it is only 
necessary to multiply the volume (say in cubic feet) of the 
displaced fluid, by the weight of a cubic foot of the fluid, in 
order to obtain the weight of the floating body. 

Def. — Bu a plane qf flotation in meant that section 
of the vessel, in any position, made by the surface of the 
9raier, 

Several general rules have been given to determine the displace- 
luent of ships, which can be but approximations to the true re- 
sults, since the outlines of ships differ so widely, and it is there- 
fore not considered necessary to give them. 

In order to find the displacement, the ship is 'WmT^ to be di- 



vided by any number of equi-distant horisontal planes, that is, Calcula- 
planes taken parallel to the load-water line, and also by any con- tlons inci 
venient number of equi-distant vertical planes, intersecting, of dental to 
course, the former series of horizontal planes at right angles, designing 
These planes are generally projected by the draughtsman on the ^ Ship! 
three plans of the vessel, vis., the body plan, the sheer plan, and S^vk^«»^ 
half-breadth plan. (See Plate I.) -«— v~- 

As is seen in the half-breadth plan, the ship is divided into tw^o 
equal portions by a vertical plane, running from stem to stem ; and 
the perpendicular distances measured on each horisontal plane, 
from their intersection with this plane to the ship's side, are con- 
sidered as ordinates. 

Thus, in the half-breadth plan (Plate I.), F 7 is the projection 
of the vertical plane which divides the ship into two equal parts, 
and F/ EiS are the ordinates in the horisontal plane, F, 7», any 
number of these horizontal planes may be taken, and for the pur- 
poses of calculation they may be numbered 1, 2, 3, 4, &c. ; and 
A . B . C . &c. 

The smaU portions, fore and aft, are usually calculated separately, 
the horisontal and vertical planes being taken much nearer to each 
other in consequence of the greater curvature of the vessel at these 
parts. 

The calculation of the displacement may be proceeded with in 
two ways ; — 

1st, By finding the arsoM of all the horizontal sections, and em- 
ploying these as ordinates in Rule (I.) or (II.) 

2d, By finding the areas of all the vertical sections, and iising 
these as ordinates in the aame rules. 

These two results ought to agree. 

Or, the rule may be enunciated as follows, ordinates on 
the half-breadth plan being understood : — 

Rule IV. To the sum of the first and last horizontal First Rule 
sectional areas, add four times the sum of all the even^oi* finding 
horizontal areas, andTvnCE the sum qfall the odd horizon- *^* " ^^ 
tal areas; multiply this final sum by one-third the^^^,, 
common distance between these horizontal planes, and this 
result gives one-haff'the displacement. 

We could not, from what has already been done, ct priori, con- 
clude that *^ Simpson's Rule " would enable us to find the volume 
of a solid, bounded by planes and a curvilinear surface. The fol- 
lowing demonstration, however, proves that it holds true. 

Note 4. — ^Let A, e, represent a portion of such a body, bounded 
by the planes A^ C,, C, a,, A| a,, C^ a^, Cj e,, and by the surface 
a, c,, we take the planes Aj Oj, A, c,, and A, a,, as the three 
planes of reference, vii., (« y), (y t), and (x t), respectively. 




Fif.6L 
Bisect Aj Aj, A, 0„ C, 0,, A, C„ in the pointo A„ Bj.C^, 
and B,, respectively ; join A, C,, and B^ B, ; through these right 
lines let planes A^ e,, B, b,, be drawn at right angles to the plane 
A J C„ then 

Assume A^ A, = A, A, = B, B, = B, B3 = C, C, = C, C, = ^ 
A, B^==B^C, =A,B, = B,C, = Aj,B, = B,C, = A 
A, a, = «,. B, 6j = /3„ Cj c^ = y^ 
A, a, = «,, Bj 6, = /3„ C, 0, = y, 
^i «s = «3» B, 6, = A,, C, Cj = y, 
We may then imagine a surface of the form (1.) to pass through 
the nine points, a^, a,, a,, (,, b^ (3, e^, «(« Cj. 

# = A + B« + C«« + B,jf + C,y« + D«y + B*«y + E«y« + 
C««y« (I.) 
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Calcula- Sine* it eonUins mins arbitrary conatanta, A, B, C, B„ C„ &c., By making similar paraboloidal surfaces pass through Cj, Cj, Cj, Calcula- 
tions incl- observing that the «• are measured along A, A,, the y« along A, C,, *nd six other pointo, &e. we have Uons incl- 

d^SSn*^ ^f'\: '\ ^ ^Vr- ^* «- ^- -- ^^ '- ^ ^'"'^ "• ''^* Volume A, e. next portion = | (A, + 4 A, + AJ. .^SS 

a Ship. ^^"^ following equations :- ^ 3 ^ ^.p » 

V^i.,^(l.)«, =A vrhen* = 0. y= 0,# = «j...by(I.) » >. -" i (A. + 4 A, + A,). ^— y-—^ 

(2.)«,-«, =BA +CM « = A, y= 0,* = A,a, = «, ^ 

(30-.-«t =2BA + 4CA« • = 2A,y= 0,^ = A,a =«. huit portion r= i (A,., + 4 A.«i + A.). 

(Myi-«i =2Bii + 4C,A« « = 0, y = 2*,# = Ci Cj =yj Adding thete— 

(6.) /5, - .,-^1 + «, = DA* + EA*A + EAi« + QAHa...by (2.) and Total volume = |( Aj + A. + 4 (A, + A^ + A, + &c. + 

(4.) « = A, y = 4, # = B,6, = /5. » I 

(7.)/8s-«8-/3i + «i = 2DAA + 4EA2i + 2EAA« + 4GA2A«...by(3.) A,., + 2(Aj| + A, + &c. + A,_j)} (IV.) 

and (4.) « = 2A,ys=Jfe, #=B, 6, =i3, |; 

(8.) y.-..-y. +..=2D** + 2EA.t + 4E**. + 4GA.t....by W. might have regarded - (.^ + 4 ^^ + ^) « the .re. of th, 

(2.) .nd(6.) « = *, y = 2t,» = C, «, = »., g^jion A, «,, or B„ u we (ball denote it, ^ («, + 40, + y^ that 

(«.) r. -..-r. + .. = 4DA* + 8EA.* + «B*t. + 16G*.t....b, ^ ^ „, b» &c, and then 

(3.)and(«.) • = 2*,y = 2*,» = C.«, = y, \, 

Kow, B, 0, B, and C, are rwwiily determined from eqoationi Volume = j | B, + B, + 4 (B, + B4 + &e. + B,_,) + 

(2), (3). (4), and (6), and D, E, P, and O, from equtioni (6), (7). j (b, + B, + &c B._,)}. Moltiplying theM volame. by 2, wo 

(8). and (9) ; their viae, are- ^ ^^ totil dl.pUcemeot of the .hip. 

~~ A Rule similar to that of (II.) Note (2) may be found by making How the 

« 4<4 — 8»^ — gcg a surface, the equation to which is of the form z = A + Bx + ^* Second or 

"" 2A • C«« + D«» + Bjy + Cy -f Diy» + E*y + E*2y + GV + i^^* *^^®" 

P - «i-2>a +^. H*V + Wy + K*y» + L«V + m*V + N«V pass through "^N^^** ^^" 

2A^ sixteen points, since the equation contains this number of arbitrary 

constants, which are determined as before, and the integrations are 

B r= ^^i-^-y i. taken from « s to « = 3A, and y = to y = 3A. We shall leave 

^ 2k this work for the student, and proceed at once to 

_ fxz^hj^Lyj* Observe that vertical areas may be employed in the place 

^ " 2A2 of horizontal areas, and care must be taken to omit the first 

*^ Rule (II.) might have been employed ; but the following A new 

E — 6«a + 4/3^ + 4/?, + 2>a - -3<i, --3^3-8/3a-y, -^y g, is the neatest, most concise, and at tlie same time suffi- R^l® ^y 1^' 

4A2A ciently accurate, that has yet been given. It is by the Rev. Woolley, 

V - ^^ + g^» + 2/^ ,+ 4y,-3>,-«,-8^,-3y,-» , J^s^ph Woolley, M.A., LL.D., Her Majesty's Inspector of 

F = -^ ^ IhJe^ — — — Schools, to whom naval architecte are under great obliga- 
tions for the attention he has given to this branch of 

G - «i + «3 + ^^2 + n + y3--2i4"2g»-2ya~2^s . science :— 

Rule V. (1.) Add together all the even arcUnates in 

Ip order to find the volume of a solid, we must Integrate the ^^ ^^^^ ^^ ^^^ horizontal planes. 
•quation/Z/cto rfy <to, as shown in most works on the Differential .^^ ^^^ ^^^^ ^^ ^^ ^^^ ofdinotes in the 3d, 5th, 

and Integral Calculus, or, what amount, to the same thing, //, d* .^^ . ,^^^ .^^ ^^ .^. ^ ^^^ ^„^ j^^g^^ ^^ ^^ • / 

tfy, where # is given by the equation to the surface, and the inte- A ^ bu 2 

grations in regard to m and y are to be determined by the condi- ,« v ^ ,_, ^ .t « .j-^ „^«« „^j , a »« ^.•^^* - ^r n 

Ti^ . r 41. *i T. i ij .xu. . XV . .,. 13,) Add together aU the YiBsni ana i^AffL ordinates of all 

tions of the question. It is evident that, in the present case, the ., ^ ^^ t .^ s^i ^i^^^, 

i: «aj 1 ^ A ^ «. ... • v« if ^«. T, the ^TEX^ horizontal planes. 

limltlngv.lae.of,are0and2A,tho«orybelng0and2*. Hence ^^ ^ 7V.A« TWICE lA* *«m of all the ardinaU*, <mitting 

r^r^.d^dy = r^f^ <».<*« (A + B. + C + B,» + '** ^^""^ "'«' ^^^ ^^""^ *** ^^^^^ horizontal plane*. 
J. J. J.J. <" "" ^^ + «• + ^ + "i" + Then, add together the result* of (1), (2), (3), (4), and 

„ , ^ _. . . hkt multiply thit final sum bu Two-Tmaos of the product of 

Civ* + D^ + E«V + E*y» + G«V) = g 1 36 A + 36 BA+48 ^ commm distances between the horizontal and vertical 

C*« + 36 B,» + 48 C,i« + 36 DA* + 48 EA«* + 48 EAi» + 64 P'«»«. «"<' <*»» f^*^ 9*^ 'he displacement. 

OW}. Introducing the Talue. of A, B. C, &c. already foond, we ^,-»'o«<' 6— Not having seen the demonatration by Dr WooUey to 

* " v» , , , Bkv. -liT-xjr luuuu, .TO ^j^i^ ^^1^^ ^j^^ editors beg to offer the following, which must b« 

get, after obriou. reductions, volume A... = ^ ( ^ + 4., + ^ """'"»' ""'^ '" P"""?^'- 

^ ^ Dr Woolley supposes fig. 6 to be divided into two portions by a 

+ * (^i + * /^f + /5j) -!• y^ + 4 y, + 73 } (II.) plane passing through Cj B, Aj a^ 6, €|, and the equation to the 

^ . , A . . surface passing through ch 6^ 0| &2 <4 ^ ™*y ^« assumed as 

On examining the equations, we perceive that -(«.+4p2+ ^ * oiiiaa-.^ 

^ 3 ^1 T P2 -r , - A + B* + C«» + Biy + C^ + D«y .... (I.) 

i^g) represents the area of the section A, a, {Vide Equation I., p. ^„^ ^^ u^jt, are « = and « = 2A, and since, A^ Cj = 2Jb, at 

85), audi (Aj + 4 /J, + ^representsthearea B,b,; also, ^ (y, ^„^ j^j^.y^ ^, ^^, ^,, y ^ (^-^)*- 

+ * 72 + Xi) »l>a* of Cj cj. Writing for the area of Aj Oj, A, ; k ^ ^ 

Itor that of Bi6j,A2; for C.cj. A, (Equation II.) becomes f2h/\2h^»)k AaAsA-*) r- 

. .-. / / s dxdy -sz I I d»dy(A + B« + 

Vo,„meA,., = |(A,+4A, + A.) (HI.) ^cl.-; ^ ^ c.,a + i,,,/ ' ^ ' 
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a- /v^ 

B,t»/4*2-4A«+^\ . C,t»/ 8*» - 12A«» + 6fc»» - »» \ 
+ 2 (^ *5 / "S'V ** / 

+ 2 ^^ A» ^) 

Now, since the surface (I.) passes through the six points already 
mentioned, we readily determine A, B, C^, &c,, tt in the last note 
Their values are 

A= «! 
2BA = 4*3 - «^ - 8»i 
2CA2 = «, - 2«2 + *s 
2Bi* = 4/3i - yj - 3*j 
2Cik2 = «, - 2/3i + n 
DAi = .^ + /Sj - «2 - ^1 
Writing these values in (II.) it reduces to 

Volume = -^ I «2 + ^1 + ^1 } 
II the s^me way, we find the volume of the figure C| e| 6j Oj C5 

= ^(r, + /». + /»,) 

Adding these results, we find for the whole volume A^ e^ 

^{-» + /»i + 2e> + es + y»} 

With slmilftr expressions for the other portions of the ship. 

.-. Whole volume =s ?^ | 0j + /5. + 2(^j + ^, + /J, + &c.) 
•*• (^^ + rj + «4 + >« -K &c.) + 2(^2 + ^4 + /3fl + /5a + &c.} 



To find the Centres of Gravity of Bodies. 

Centres of Abt. 3. As a knowledge of the centres of gravity of 
gravity. bodies is of so much importance in the calculation of sta- 
bility, it has been thought advisable to introduce the sub- 
ject here at some length. 
Definition. Various definitions have been given of the centre of 
gravity of a body. It is shown in almost every work on 
Statics, that there is a point in (sometimes icithout) every 
body such, that if the particles of the body be acted on 
by parallel forcesy and the point already mentioned be 
fixed or supported^ the body will remain in equilibrium^ 
no matter in what position it is placed ; ^ and when the 
forces herein mentioned are replaced by the weights of the 
elementary portions of the body, or bodies, this point is 
known as the cenire of yfoi^ty of the body or bodies.^ 

Gravity, or the force which attracts all bodies towards 
the earth's centre, is supposed to act on every particle of 
the body in parallel and vertical directions. 'This force is 
supposed to be constant at the earth's surface,. and there- 
fore attracts all bodies with an equal intensity. The reader 
will readily perceive that this hypothesis cannot differ ma- 
terially from the truth wlien he corbpares the eartli's radius 
with the dimensions of all bodies at its surface, and re- 
members that this attractive force varies inversely as the 



square of the distance. Under these circumstances, then, Calcnla- 
the centres of gravity of bodies are calculated. This point tions inci- 
cannot be obtained, however, without the aid of the Integral dental to 
Calculus, except in the case of a few plane surfaces and ^^^^ 
solids. We shall premise that when bodies are homogene* y ^ ^^ 
oftf, or of the same density throughout their parts, — that is, 
having equal weights, comprised under equal volumes, — we 
may then replace weights by masses^ and conversely. 
Thus, if M represent the mass of a body, d the density of 
a unit of the body, V the volume, W the we^ht^ tlien 

M=rfxV (1.) 

W=^xrfxV:^^M (2.)' 

When a body is not homogeneous throughout its parts, 
the determination of the centre of gravity becomes some- 
#hat more difficult. 

To find the Centre of Gravity of an Area similar to fig. 3. 

Art. 4.— Rule VI. Multiply the ordinates, b^inning Centre of 
at the first byOy 1, 2, 3, 4, ifc.^ tespectively, and employ S^^'^Kl o^ 
these as ordinates in Ride (/.) ; multiply the r^uU thm •"^^'^ 
obtained by one-third of the common interval squared, 
divide by the area of the curve, and the result gives the 
distance tee are to measure along Aj An — t.^,, A^g.^ 

Having obtained the distance A^^, we may obtain the length of 
the perpendicular 0^ (6 being the centre of gravity of the figure, 
and g the point where the perpendicular drawn from G intersects 
AiA».) by 

Rule VII. To the sum of the squares of the Fmsrr and 
LAST ordinates, add four times the sum of the squares of all 
the EVEN ordinates, twice the sum of the squares of all the 
ODD ordinates; multiply by one-third the common inter- 
val, and divide this result by twice the area, the quotient 
gives the perpendicular height of the centre of gravity above 
the axis Aj A^.* 

Similar rules apply for finding the centres of gravity of the 
displacement of a ship. 

Art. ^. To find the centre of gravity of the displacement of 
a ship floating in the water, and in a state of equilibrium — 

The horisontal sections are taken at equal distances apart and 
parallel to the plane of flotation. The vertical sections are also 
taken at equal distances apart and parallel to the midship section. 
The ship is then cut into two equal portions by a plane running 
fore and aft, and at right angles to the two planes just mentioned. 
In the following rules, halfaruu and halfvolumu are to be under- 
stood. 

Rule VIII. Find the areas of all the horizontal sections Centre of 
{such as those shown in the half-breadth plan) and multiply gf^^i'y of 
these, beginning from the first, or plane of flotation^ by the ^'^r^« 
consecutive numbers 0, 1, 2, 3, 4, ^c, respectivelu ; intra* f^^j^ 
duce these products as ordinates into '* Simpson s Rule ^ 
multiply this restUt by one-third of the square of common 
distance between the sections, ditide by the volume, and the 
quotient gives the distance of the centre of gravity below the 
plane of flotation.^ 

Rule IX. Find the areas of all the vertical sections, 
multiply these, beginning from thefirst*^ by the consecutive 
numbers 0, 1,2, 3, 4, Sfc, respectively, and work as in the 
last rule ; the result thus obtained gives the distance of the 
centre of gravity from the first vertical plane. 



1 Pratt's Mtehanical Philoiophy, 2d edit., pp. 18 and Id. 

* 3^ untre of gravity has also been defined as that point within or without the body, from which, if the body be conceived to be sii:»- 
penderl, it will remain in equilibrium in any position. 

^ ** gy or < the accelerating force of gravity,' is uniform, and is the same for all substances, and in the latitude of London = 32*18 foot*" 
(2&rn8haw's Dynamiei, 3d edit., p. 42.) 

' Care must be taken not to multiply by one-third of the common distance, as is mentioned in Rule I. 

' The kut ordinate must not be reckoned among the odd ordinates in these and the following rules. 

^ Either the first vertical section of the' main body nearest the bow or stern muy be taken as> the first. 
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Calcala- These two distaneos fix the position of the centre of gravity of 
tlona inci- the main body. Since a ship is •ymmetrical in regard to the plane 

dental to which divides it, fore and aft, into two equal parts, we know that 
designing the centre of gravity must lie in this plane. 



gad appears both in numerator and denominator. The proposi- 
tion is also true for areas. Therefore, if Aj, A^, A3. &c repreeent 



a Ship. 



Centre of 
gravity. 



Centre of 
gravity of 
displace^ 
ment when 
the small 
portions 
" fore and 
aft" are 
taken into 
account 



Geleldin's 
Eule. 



Mathema- 
tical prin- 
ciples of 
centres of 
gravity of 
bodies. 



No account is here taken of the small portions at the stem, stem, 
and that between the keel and last horisontal section. These are 
usually calculated sepaMttely, and in the same way as the main 
body. Having obtained the centres of gravity of all these por- 
tions, we readily obtain the centre of gravity of the total displace- 
ment by the rule which follows, observing, that if we consider the 
Jir$t vtrtic<d plane to be that nearest the bow, the volume of the 
small portion forwafd multiplied by the distance of its centre of 
gravity from the plane just mentioned must be tubtraeUd, Or, in 
other words, if we consider all horisontal distances, measured in 
the opposite direction (from the first vertical plane) to the centre of 
gravity of the main body as negative, and all distances measured in 
the iame direction as positive, we have then only to add the products 
algebraiccMy, and this is to be understood in the following rule (one 
product being always negative in Rule XL) All retulti will be post* 
ItM in finding the iistance of the centre of gravity below the pUxM 
of Rotation, 

Rule X. Mtdtiply each of the volumes by the perpen- 
dicular distance of its centre of gravity from the plane of 
flotation^ and add the products ; divide this result by the 
sum of all the volumes^ and the quotient is the distance of 
the centre of gravity of the total displacement below the 
plane cfjlotaiion. Also, 

Rule XI. Multiply each of the volumes by the per- 
pendicular distance of its centre of gravity from the first 
vertical plane, and add algebraically (observing that one 
result will be negative), divide this result by the sum of all 
the volumes, and the quotient is the distance of the centre of 
gravity of the total displacement from the first vertical 
plane. 

One of the properties of Guldinus is also of great use in 
finding centres of gravity when the necessary data are 
supplied. 

Rule XII. Any solid of revolution is equal to the area 
of the surface which generates this solid, multiplied by the 
circumference, which is described by the centre of gravity 
of the latter. 

Without attempting to demonstrate formulae (1.) of this 
article, since a demonstration may be found in almost every 
work on Statics, we proceed to lay before the mathematical 
reiidcT the principles on which the centres of gravity are 
calculated. 

Note 6.~If we consider, in the first place, a system of material 
points having weight, and connected in an invariable manner, the 
weights of these points may be considered as so many vertical forces 
acting in parallel directions. If, moreover, we take three fixed 
planes, mutually at right angles to each other, their point of intersec- 
tion being the origin (as is done in Geometry of three dimensions) let 
«r| be the weight of the first material point, and its co-ordinates «j, 
yp «j, measured along the three co-ordinate axes : «2* *2' Vt* '2* ^^® 
weight and co-ordinates of the second point, &c. &c. ; also, let 
«, y, s represent the co-ordinates of the centre of gravity of the 
system of weights measured along the same axes, then we have 

-^ 3(n*l -f ^2*2 + ^^^ &c.^ ] 

'(n -^ •'2 + •'s + &c. &c.) 
~_ >(»|y| + S02y2 + •'ays + &cO 



3(«i + •fj + •fj + &c.) 
7— 3(*>l* t +*>2r2 + ^i + &C') 



(1.) 



Remark. — These formulae would be equally true if we suppose «;p 
efp t0^, &c. to represent the weights of any bodies whstever, and 
connected in an invariable manner, providing we suppose these 
ytfights to act cU their respective centres of gravity, and «|, y|, «|, <fre., 
U be the co-ordinates of these centres of gravity. Next, if we suppose 
the density of the bodies to be uniform throughout, we can re- 
place the weiirhts by their respective volumes V|, Vj. v^ &c since 



a(wi + «2 + «'s + ^^') 



a (Ai + A, -I- Aj + &c.) 
3(Vl + Vj + W3 + &c.) » 

.r— a (A1.V1 + AgVa + Aava + &e.) 



3{Ai + Aj + Aj + &c.) 

3 (»l + »2 + "S + &<^-) 
. r- 3 (A,^^ + A^2 + A^^a + Ac.) 
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3 (Ai + Aj + Aj + &c.) J 

If the centres of gravity of the weights, volumes, or areas, 
as the case may be, range in a right line, the first equation 
gives the distance of their common centre of gravity from 
the origin. If the weights, or areas, &c., are in the same 
plane, the four former equations are all tliat are necessary 
to determine the centre af gravity. 

Premising that the centre of ^avity of a ball, or sphere, 
is at tlie centre of the body, we shall proceed to give two or 
three examples on these ibrmulae. 

(1.) Four cannon-balls have their centres in the same 
right line at 2, 3, and 4 feet, respectively, apart, and weigh 
68, 32, 12, and 8 lbs. respectively ; that is, the *' 32 " is 2 
feet from the ** 68," the ** 12 " is 3 feet from the " 32," 
&c. Find the distance of the common centre of gravity 
from the centre of the ** 68 " (supposing their centres to be 
in the same horizontal line). 

Taking the origin at the centre of the '* 68," we have «| = 0^ 
«g = 2, »3 = 2-1-3 = 5, «4 = 2 + 3+4=9 feet. 



Examples 
of finding 
the centroA 
of gravity 
of bodies. 



-_ 68x0 + 32x2 + 12x5+8x9 _ 
(l.) » — 68 + 32 + 12 + 8 "■ 



tfeet 



That is. if the balls were connected by an indefinitely fine rigid rod, 
without weight, passing through the centres of the balls, the whole 
might be suspended, and remain in equilibrium, at a point distant 
1-63 feet from the centre of the '* 68.'' 

(2.) Five cannon-balls, whose weighu are 2, 8, 12, 32, 
and 68 lbs., lie on the flbor of a room, at the respective per- 
pendicular distances 3, 4, 5, 6, and 7 feet from the side, 
and 1, 2, 3, 4, and 6 feet from one end of the room ; find 
their common centre of gravity from that corner of the room 
where the side and end (from which these distances are 
measured) intersect, sup|)Osing the centres of the balls to 
lie in the plane of the floor. 

-_ 2x3 + 8x4+12x5 + 32x6 + 68x7 _ 
Here »— 2 + 8 + 12 + 32 + 68 " 

6*28 feet nearly. 

"— 2 X 1 + 8 X 2 + 12 X 3 -j. 32 X 4 X 68 X 5 _ 
y — 2 + 8 + 12 + 32+68 

4-28 feet nearly. 
But distance from corner = v*^ + y^ 

= V(6-28)» + (4-28)« = 
7*6 feet nearly. 

(3.) Four cannon-balls, whose weights are 1, 8, 32, and 
68 lbs., are suspended in a room (of the form of a parallel- 
opipedon), their vertical heights from the floor being 2, 4, 
6, and 5 feet, respectively, and their perpendicular distances, 
from an end and side of the room, are 2, 4, 5, 6 feet, and 
3, 5, 6, 7 feet, respectively ; find the distance of the centre 
of gravity of the balls, from that corner of the room where 
the side and end, herein mentioned, intersect. 
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Here the side, end, and floor of the room are the planet of refer- 
ence, and the origin at the corner, mentioned in the question, the 
line where the tide intersects the floor may be taken as the axis of 
X, and the intersection of the end and floor as the axis of y, or, vic€ 
vertd, the intersections of the end and side being the axis of t. 
' .^^1X2 + 8X4 + 5X32 + 6X68^ 

*•*-- 1+8 + 32 + 68 ^ 

- 1 X 3 + 8 X 5 + 32x6 + 68x7 _ 

y = 1 + 8 + 32 + 68 -^^^^ " 

- Ix2 + 8x4 + 32x6 + 68_x^_ J. 

'= 1 + 8 + 32 + 68 -^^^^ ^' 

Again, it is easily shown that the distance of a point x, y, z, 
from the origin is — 

d = Vi2 + y2 + ,2 = V(5-623)2 + (6-523)a + (6-192)2 -- 
10 feet nearly. 

For if XO Y be the plane of the 
floor, XOZ the side, and YOZ the 
end of the room, G the centre of 
gravity. Draw GZ _L to the plane 
XOY ; and from 'Z draw ZX and 
ZY respectively, J[ to OX and 
Y ; then OX = :^ Y = y, GZ = 
z in the above equations, and since 
the triangles OXZ, OZG are right- 
angled, 

0G« = 0Z^+G^2-=; OX'2 + 
XZ2 + GZ^andXZ« 
= 0Y2. 




n%Jk 




wi 



These equations are to be taken between proper limits, and if Calcula- 
the body is homogeneous, ) will appear in both numerators and de- tions incl 
nominators, and the equations may then be written : 



Kurmulio 
for the ccn- 
ir« of gra- 
vity wh«n 

thu Uciifclty and x^ y,, 2p the co-ordinates of any point in the body ; then it is 
U varlublo. * ' ' ........... 



Note 7. — The principles made use of in equations (1.) may readily 
be extended to any body, or system of bodies ; for, suppose the 
body referred to three co-ordinate planes mutually at right angles 
to each other, their common point of intersection being the origin, 



(2) 



{=- 



V = /// dx dy d». 
fffm dx dy di - _ fffy dx dy d» -- _ 

y » y — — Y > * — 



dental to 

designing 

a Ship. 



... OG =\/0X2 + 0Y2 + GZi 

We might have determined the 
centre of gravity of any system of 
material points, or balls, not situ- 
ated in the same line, or plane, Fig.& 
and rigidly connected in the fol- 
lowing manner: VV|, Wj, W^, &c. representing these material 
points and their positions, join \Ny Wj, and let Gj bo their common 
centre of gravity, then these two points will act in the same man- 
ner as if their weights were collected at the point G^. Join Gj 
Wj|, and let Gj be the centre of gravity of Wj, Wj, acting at Gj, 
and of W, ; then W,, W-, W,, may be conceived to act at G-. Join 
GjVV^.ic&c. 



shown, in most works on the << Calculus," that the volume of an 
infinitesimal parallelopipedon, at that point, is represented by ^ 
X Avi X AZj.* Also, if )| represents the density of a unit of volume 
at that point, the mass of the particle is \ . Ax^ . Ay| . ^i, and its 
weight is g\ :m^ Ay^ ^j. But as ^ is constant, it follows that we 
may either employ the weights or masses of the body in finding 
its centre of gravity, and 

M == 3 ()i ^ . Ayi . Zk% + I2 A«2 ^2 ^ + ^^' ^^*) 
— _ 3 (j?i ^1 AX| Ayt AZg •¥ x^ >2 ^2 ^^2 ^^ "^ &^) 
* "" M 

~— 31 (y\ \ ^\ ^y\ ^\ + y% ^% ^^2 -y2 ^2 + ^^') 
^ " M 

-_ 3 (Z^ \ ^i £^y^ AZt + Zg ^2 ^2 AVg ^^2 + &C.) 

"" M 

But at the limit ASp Ayj, ^j become dx^, dy^y dZ|, and dropping the 
sufflxes, and extending the summation, or rather integration, to all 
the elements of the body, we obtain 

(1.) Mz:zfffdxdydz.}. 

Where ) is given by an equation of the form ) = /(«, y, 2), 

Hence x = ^!—^ ^-j , y = ^ , * = 

UJ 1 dx dy dt ) 

M • 



=/!■ 



\dx. 



Jfft dxdyds 
V 

We may obtain a clearer idea of these integrals fVom the follow- 
ing considerations. Let us take the first of the latter set of equa- 
tions, and integrate, first, in regard to z, and next in regard to y, 
observing that in theae Integrations « is constant, we may then 
write ^ 

»ffdydz \ 

Where the quantity within the brackets represents the product of 
« by the arta^ A, of a plane section of the figure, perpendicular to 
the axis of x, and at a distance x from the plane of zy. 

.*. X sa'' — ^ — , and similar expressions may be obtained for y 

If It be required to find the centre of gravity of any area, &c 
we have only to suppose it to lie in the plane of xy and formula 
(2) reduce to 

f A =// dxdy=i/ydx (if we Integrate In regard to y) 

(3.) \ 'r^ ff'dxdy _ fxydx - _ ff y dx dy _^ fy^ dx 

V" A -"A~'^~ A * A • 

Rtmofh, — In many cases It Is convenient to employ polar cc Polar for- 
ardinatn to find centres of gravity, and we have for the transfor- mulse. 
matlon 

c ss r sin / 006 ^, y = r sin / sin ^, 2 = r cos /, 

FormulsB (2.) become 

/—__ /// r» sin • ^/ cos ^ dr , d/ . dp 
'*~ ffff^%\ii'tdr,dt,dp ' 



(^) 



i-_ f ff f^ ^iTi '^ Bin ' p dr d4dp 
y "" /// f^zux'tdrdidp • 
-_- ///r» rin *$coe0drdidp 
' "■ /// fJ sin • tdrdtdp * 



where /// r* sin • / dr d$ dp between proper 
limits gives the volume. 

We shall at once proceed to show by formulsB (3.) how to find 
the centre of gravity of an area, similar to the horiiontal or verti- 
cal sections of a ship, premising that the notation Is the same as 
that employed above (p. 30, 31 &c) 

Note 8. — To find the centre of gravity of the portion A| m^ the Demon- 
equation to the parabola passing through Oj, Oj, a^, being {h the stration of 
common Interval). Rule VI., 

y = A + B» + Cx»,x7 denoting Aj g^^ and y^ G| yj. ^^' *» *^' 

- ^fvydx _ Jo g (A + Eg + Cg») <iag 

J ^ (A + B« + 0x2) dx 

I-' ( 6A + 83* + 120*2 1 

«. U L _j^ f 6A + 8BA + 120A» \ 

I |6A + 6BA + 80Aal I 6A + 6BA + 804^ i* 

But by Note(l),formulaB (2,5,and6) A = ir^B = ^**> "" ^ " ^ ^ 

Writing these in the above, we get 
-^2A(2^+_^ 

^ •! + «3 + 4li3- 

In the same way, the centre of gravity of A^ Ag. along the line 
A| A» Is found to be 

*»'» = '^+'l. + 4'^« - ••• -*« ?, = A, A, + A,,, = 2* T 



«dC = =*^ 



«a - g*2 -^ «i 



^y\t ^\t represent the respective increments of «|, y^ i|. 
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.^t^. ^I^Vt^' " «' ^ = ^. "■ •» = ^•'a' *- Bat A = ^, B = ^-^-^-^ C = "l^^^A &c. ^C^cai. 

dM?^i^ ^ = 2A + ^(^* + ''^) = 2^ (*s + 6»4 ■»• 2*») " '''■ '^^'^^ ^"^ P»«« 30. iDtroducing these value., we find- dw^^ing 

r ^ 4^ ^ 2M2*e + « 7) _ 2A (2>5 + 10«i 4- 3%) ' «i + 4., + «3 + 4(^i + 4/3, + /Sj) + ^l + 4 y, 4- y, ^•-^''-^ 

«6 + «7 + *"6 •6+«7 + *«e ^2h /*2k 



And if ^ be the distance along the line A ^ A« of the centre of grarity _ ^^ . . / / 

of the whole figure, we have by formula (2), since the areas may be y = '^;f j^™^ =:^^ — *^ ^ ^ 



dxdy y(A + Bj> + Cx^ + B,y 



supposed to be collected at their respective centres of gravity, G^, JJ^^^ /^ 2A n2k 

G,. G3. &c y^ y ^ ^^^y (A + Bz + Cz2 + B,y 

AreaA,a,+^ar^^A,«. + areaA.«, + ^ 0,^^ + D^ + Ex^y 4- f;;-^'^ Gx^ i;^' 

_ A|gt + A,!^ + A^l^ + &c. + A,i^ _ ^ { 36 A* + 36 BAJ: + 480*2* + 4831*2 + 72Ciib3 

Aj + Aj + As + &c. + An * "• STl 

-g- I 36 A + 36 BA + 48 CA2 + 36 Bj t + 48 Cj 42 
Introducing the values of A,, A,, Ag, &c. Xj, x,, a^, &c already 

found, this reduces to + 48 DA*2 4. 64 EA2Aa 4- 72 FAA3 ^. 95 GA2 A ) 

(U x = a {Q + (n -!)«,■>• 4(^3 + 3ic, + g>e + 7iie + &c. + 36 DAA + 48 EA^* i: + 48 FAJfc^ + 64 GA^ A ] ' ^'^^^^^^ ''^^•'" »'»' 

«i + «ii + 4(«2 + «4 + «6 + «6 + &c.) troducing the values of the constant, and reducing, becomes 

+ 2(2»3+4>,+6iiy + &c.)} -^^ f 2(2^1 -t- »i) + 8 (2^^ 4- r^) + 2 (2g« + »ii) ] 

+ 2(«s + «, + «y + &c.)* . U, + 4«j+ «j + 4(/Ji + 4^2 + As) + ri + *y2+ nT 

Next, to find G^r, or y, we have Also, 



/2A •»2A -l^ fj^^dxdy 



' p2h > yj — I "7^2A * * But, as before, we avoid the labour of integrations, Ac, if we 

/ y ^* I a ^^ consider the expression // «2 dxciy as the volume of a figure, the 

tquaret of tlU amu of which may be introduced into *' Simpson's 

Demon- But y* = (A + B« + 0x2)* ; and this integration, added to the R^ie,** 
stration of work connected with the substitution into the form 

Rule VII. _ _ We should obtain similar expressions for the centres of gravity 

- _ A,y| + Agyg 4- &c . of the volumes of the other solids, and by introducing the results 

^ Aj + Aj + &c. " into the formulae — 

would lead to an immense amount of labour, which may be avoided - _. Vi »\ + ^a ^2 + ^s ^3 + ^^ ' 

by observing that the integral /y* dx may be taken to represent ^1+^2 + ^ a + *®- 

the ar&a of a curve, the ordinates of which are the squares of those _ V y + V y + V, y, + &c 

at given points of the curve, ta m^, mf, m^, &c. With this under- V = ^ y -f V g + V3 + &c 

standing, we teadily find, by employing " Simpson's Rule," * , . . 

we obtain the rule, in common use among naval architects, 

(II ) y « 1 of «i' + >>^ + 4 (>22 + «,2 ^ ^2 + ^c.) -i- ^^n^ely :- 

^ «1 + «2 + 4 («2 + «.+«. + &C.) + 

If A|, Aj. Ajj, &c., represent the areas of half the horizontal sec- 

^ y 1 **^ "*" '^' '^^^t^ ; whence the centre of gravity of the ^'^^ ^^ ^^^ sections shown by the half-breadth plan, and A the com- 

^'«s + •» + «7 + wc.) mon interval between those sections, we know that the centres of gra- 

curve is completely determined. vity of the whole horisontal sections in question lie in the planes of 

Demon- Note 9.— We next proceed to show how the centre of gravity of ^^«" *»*®" *' distances 0, A. 2A, 3A, &c., respectively, from the origin. 

stration of the volume of a figure similar to fig. 6, page 34, may be found, its a w n a. ^- ^^ Jk a a. lA r A -I- 3A 4- 5A 4- 

Rules equation being /ttt x . "_ ^^ x + (n-^l) AA, + 4A (Ag + 3A^ -f PA, -f- 

Vin.,IX., , J ,^ „ , , ^ '^' A,.fA.+ 4(A2+A,+ 

Ac. « = A + Bx + Cx2 + B|y.hC,y2^D2y.hEx2y+E«y2+ n . oW9A a.11 J. fiA J. Ar. ^ 

0,«2y2. 6Aa -f &c.) + 2A (2Aa + 4Ag + 6Ay + &c.) . 

\ A,+ &c.)+2(A3+A,-fA, + d:c.) ' 
By formula 2 if we inteirrate in resrard to s, 

^=7^^= or. -A. I A, + A..f4(A2+A, + A..f&c.)-f 

r2h r2h 2 (2A3 + 4A, + &c.) I 

V o Jo xdtdy (A + Bx + Cx2 ♦ B,y -f C^y2 -may ^- ^^^* + A, + A, + &c. J * 

/*2A /»2ifc In like manner, if A/, Aj', Aj', &c represent the half are« of 

7o 0/0 cterfy (A + B« + Cx2 + B,y + C^ya + Dxy + ^« ^^'"'^^ •*^*^^°' *'**^ * ***** *^'"°*^° ^"'^^'^'^ ***'''•*'* ***'°*- 

Ex2 y 4- Exy2 + GxV ) ^ -_ ^ r (n-l) A/ -f 4rA2- -f 3A/ + 6A,- -f &c.) 

K^V + E2y2 + Gx2p) ^^^-^ '''^° y - * I A,' + A,' + 4(A2' + A/-i- A,'-4-^.c.) 

^ { 36 AA + 48 BA2 + 72 CA' + 36 B, AA + 48 C, AA2 + - + ^jf f ^ f tVr^^t^ } • 

-= 1_1 ; ' + 2 (A3' + Aj' + &c.) J 

— - I 36 A + 33 DA + 48 CA2 + 36 B]A -t- 48 C, &> + Hence the centre of gravity of the displacement is determined ; 

for we know that it will lie somewhere in the plane which cuts the 

4 8 DA2A + 72 EA^^ ^ 64 FA2|:2 j^ 96 GA»A 2} yessel into two equal parts, and the value of « gives its distance 

33 DAA + 48 KA2A + 48 Fyii:2 + 64 G^\^)?\ * below the load-water plane, "y gives its distance from the origin. 
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CaIcuU- which may be taken for oonTenienoe at the pdnt of inteneetkm of 
tiooa iDci- ^^ load-water plane, the plane just mentioned, and the firet verti- 
J *^ in^ cal plane next the bow, or item (as the calculator pleaaet). We 
a l£ip. ^<^ rappoae the former, and that the centree of gravity of the small 
*^ M~^-m^ portion!, fore and aft, and below the laet horlsontal plane, are not 

taken into account. Let Vyy V., V*, be their Tolumet, «/, ««, «*, 

yf» ?«* 7*> ^« diftancet of their centres of gravity from the origin. 

Therefore, for the whole ship, V representing the volome between 

file first and last vertical sections, 

v-i-v^ + v.+ v, 
v + v» + v. + v> 

Observe that Y/*/ has a negative sign becaose It is in the oppo- 
site side of the origin to the other qnantities, that is, Z/ is negative. 

JTots 10. — ^The mathematical reader will at once perceive that 
these are not the only mles which might be obtained to calculate 
the centre of gravity of a veaseL As has been remarked before, 
the Calcnlos of Finite Difference again comet to our aid ; and, by 
neglecting small orders of differences, we may obtain any number 
of rules we please. As an instance, let us take the case given by Mr 
Weddle for a curve passing through seven points, and suppose 
sixth differences constant. We have for x, using the same notation 
as in Note 3, 

^ A 



. taken between proper limits ; andy = « 4~ ' ^* + 
r(s*l)£^ + &c; wheres=~. MnlUplying this by sds = 



. we have a or 



kf"-f{ 



agds+ (t^di) i^+(2-l) 



«1.2-r«c./— 2^3^^l4 3ll-2^ 

6 4'*"3l2-8'*"f6 S"*"* 3 J 

2-3-4'*"l 7 6 "*" 6 4 "*" a J 2S'^'5 

• ^ 15^ S^ _ «6i» 2741* 120#8 \ 
■^y^8""7'*"6 «'*"4 3~ J ^ 



:4- ^^ ^^ 

Taking this integral from s=:0to#=6, orsi = 0tozs=6A« 
and multiplying by A>, we find, after considerable reductions. 



fydMzzlfi {18« -f 72 A« + 126 A»« + 525 A»« + 551 A* 



10 



^• + 



639 . , 123 . , 
35-^*-+70 ^••}- 

We might obtain a tenth rule by neglecting small quantities ; 
but we shall simply write down the total result, leaving the reader 
to obtain any other rules he may think proper. 

« = «! 
Am =«, — «i 

A«« = «j - 2«j + «i 
&C. &c. 



Introducing these valnea, and redndng 
/•y d«=^ 1 36 •, + 9ej| + I36«,.t- 18 «, + 180 ^e + 61«7) } 

•••^=75x{^^^+^(-«+^-*+''«)+'-^+'-*+ 

4a|)} ; which will g^ve a result much more accurate than that ob- 
tained by " Simpson's Rule." The result for y may be obtained 
by ** Simpeon's Rule," or by squaring the value of y, given above, 
and neglecting the squares and products of higher order of differ- 
ences. 

Nou 11. — The reader will have no difficulty in obtaining for 
any plane surface ^ 

^ 77S~' 

or y X A = 1/ W — Y^*) <<•» ^ ^ repreeent the area of the 
surface, and T| T« denote the limits of y. Multiply both sides 
by2«'. 
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The left hand side is the area of the surfkee multiplied by the cir- 
cumference described by its centre of gravity, and the right hand 
side denotes the difference of the volumes of revolution deecribed 
by the plane surfaces comprised between the axis of «, the extreme 
ordinates, and the curve which terminates the generating sur- 
face.s 

(1.) Find the centre of gravity of an area, similar to fig. 
(3.) page 30. the equidiitant ordinates measuring 2*5, 
3, 3*5, C 5, 6, 5*5, 5, 4, 3, 2, 1*5 and 1 feet, respectively, 
the common interval being 2 feet 



ExaroplesL 



Ordloatas. Ordiaatei. C 


>rdinAtM. 


2*5 first ordinate. 3 second ord. 


3*5 third ordinate 


1-0 last M 4 fourth „ 


6-OfilUi „ 


6 sixth „ 


5*5 seventh „ 


3-6 sum of firrt and last ord. 5 eighth „ 


4-0 ninth „ 


3 tenth „ 


2^ eleventh „ 


1*5 twelfth „ 







20 sum of odd ord. 


22-5 sum of „ 


2 


4 


— 



40 twice sum of ord. 

90*0 four times sum of ordinate. 
40*0 twice sum of odd „ 
3*5 sum of first and last „ 

133*5 

2 common intervaL 



8)267 

89 sarea. 

2d, ToMdtksDiMUMe$ofth§ Omlrt </ OraWqrjVtMi Aj. 



1st, 2-5 X s 

2d, 3 X 1 = 3 

3d, 3-5 X 2 = 7 

4th, 4 X 3 = 12 

5th, 6 X 4 = 20 

6th, 6 X 5 = 30 

7th, 5-6 X 6 = 33 

8th, 5 X 7 = 35 

9th, 4 X 8 = 32 

10th, 3 X 9 = 27 

11th, 2 X 10 = 20 

12th, 1-5 X 11 = 16-5 

13th, 1 X 12 = 12 i 



ordinates multiplied by 0, 1, 8, 3, &o. 



2 This and other properties are due to Pappus, and were published by Gnldinus, a Jeeait, who was Fndt 
la the middle of the seventeenth century. 

* See any work on the Calculus fbr the interpretation of the expiesaions on the right band side. 
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tioMiDci. 

dtatal to first rwidt. 

dMigniog IS last „ 

a Ship. — 



EzereitM 
for pne- 
tiee. 



Rcralto. 
3 teeond rwolt 

IS fourth ^ 

30 sixth „ 

35 eighth „ 

S7 tenth „ 

16-5 twelfth „ 



123-5 sum of eTtn results, 

4 

494 fonr times 
S24 two times 
18 firttandlast 



Ratalts. 
7 third result 
SOfifth „ 
33 serenth ^ 
3S ninth „ 
SOeieTenth„ 

lis som of odd residts. 

S 

SS4 



730 
S 

3)1460 



interrsL 



486-66 

S common inteml. 



973- 3 



973-3 



.-. Distanee of centre of graTity from A| = -^- = 12*4344. 



(S-5)»= 6-25 
3« = 9H)0 

(3-5)«=12S5 
4« =16-00 
5« =2500 
6S =3600 

(5-5)S = 30-25 
5> =25-00 
4» =16-00 
3« = 9-00 
2» = 4-00 

a-5)«= 2-25 
1» = 1 



6-00 

16-00 

36-00 

25-00 

9-00 

2-25 



12-25 
25-00 
30-25 
16-00 
4-00 



175 twice sum of odd ord. sqd. 
foor times sum of even ord. squared. 



389 

6-25 
1 

7-25 sum of first and last ordinates squared. 
389-00 
17500 

571-25 

By last process, we have 

.'. Perpendicular Gy= ^^^'^^* = 2-139, Aa.» 

2o7 X ■§ 

(2.) Find the centre of gravity of a figure sinular to the 
above, when the ordinates are taken 3 feet apart and mea- 
sure 1-25, 2-35, 4-56, 7*87, 8-97, 9«, lOSi, 9W, 865, 
7-54, 6-34, 7-43, 5-42, 4-53, 4-23 feet respectively. 

Distance along the axis from A| = 20-82. 

Distance above the axis at the above point = 3*945. 

(3.) Find tlie same, as in the last example, when the 
equidistant ordinates measure 20, 20-5, 21, 22, 22*5, 23, 
24-5, 25, 26 ; 25, 24, 23 ; 23, 22-5, 21, 20 ; 19, 18, and 17 
feet, respectively, and are taken at 6 feet apart. 

Distance along the axis from A| An firom A| = 52*82, 

Perpendicular distance above ditto at the above point = 11-18. 

(4.) Find the same, as in the former examples, when the 
ordinates are 0, 2, 3, 3*5, 4*5, 5, 6, 7*5, 8, 8*5, 9, 8, 7, 6, 
6*5, 4*5, 4, 3*5, 3, 2-5, and 2 feet, and their distance apart 
is 2 feet. 

Distance along Aj An from A| =20 feet nearly. 

Distance above A| An at the above point = 3-0506. 

(5.) Find the same when the equidistant ordinates mem* 
sure 17, 18, 18*5, 19, 19*5, 20, 20-5, 21, 22, 23, 22. 21-5, 
20, 19, and 18 feet, their distance apart being 4 feet 



Distance along A) An from A, 



= 28-605. 



Distance above A] An at the above point = 10-134. 



ExampUi atk the Caleulaiiam cf the Cemire cf Gramiif cf 
DisplaeememL 
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HslfBorisoatal 
Areas tBMoare 
iMt, fbona ty 



SiB] 






Half-ATMs 
mnlUpliwl 
byOH,J.», 



, X 

tOCHtf X 1 

»51» X 9 

^ 400^ X S 

§ 406'3S X 4 

I 4£0'65 X S 

g 470^5 X 6 

S 4MK)0 X 7 

}S 4S615 X 8 

IjMNhOO X 9 

3)487^ XIO 

f- 470« X 11 

^ AOOr^ X» 

» 45075 XW 

^ 4S5-S5 XI4 

400*15 X 15 

S90O0 X 1« 

S75-15 X 17 

,S50^ X 18 

7MS-SSsTohimeb7 



000^ 
800-05 
650'00 
WOO-75 
ISSl-OO 
»58-S5 
S8M-50 
8480-00 
8968-00 
4500-00 
4876-50 
8176-05 
5597-80 
5859-75 
6098-50 
600r95 
694000 
6879-95 
6800H)0 
'sRole. 



Half-T«rtiaa 

Areas in 
square feet. 

49-:s X 

£f,4!*^5 X 1 

B ;2<J* X 9 

S M^ X 8 

§ &<« X 4 

- 7S4S X 8 

%,m^ X 8 

3 U;s^ X 7 

E ^^ X 8 

U 47O0 X 9 

<? 4S^ft X 10 

t. 4100 X U 

W «23 X 19 

^ 40-21 X 18 

^um X 14 



Half-Areas 
moltiplied 

l>y0,l,9,*a. 

respeetiTelr. 
Bs OOODO 

e 4^98 

8 104-00 



Odenlft- 

tionsinci* 

dental to 

deelgning 

a Ship. 



89908 



498-00 
457«) 
478«) 
50678 
599-88 
584-94 



Volume by Slmpeon^s Role s 76tt-9i 
nearly. 



Itt, Beginning with the reenlts in the rightJiand oolomn of the 
hori»mtal section : — 



R«sQlt& Beselts. 

0000-000 aoo-06 

6300-000 120075 

2253-25 

6300-000 sum of l8t and lart 3430-00 
4500-00 
5176-05 
5859*75 
6002-25 
6379-25 



Besolta. 

65000 
1621-00 
2824-50 
8962-00 
4876-50 
5527-80 
6093-50 
6240-00 



[reenlta. 

[results. 31795-30samof<Hlil 

35101-35 sum of Mm 2 



63590^ twice do. 

140405-4 fonr times do. 

63590-6 twice som of odd do. 

6300*0 snmoffirstandlastdo. 



210296 
1 

8)210296 



common interval* 



70098*6 result obtained by ' 
Role." 



Simpson^ 



Therefore, distance of centre of gravity of main body UUm the 

^M ^^ 70098*6 70098*6 n.,^# * 
plane of flotation^ ^5jj^ =^-^^^5:^ = 9.17 feet. 

2d, Taking the results in the right-hand oolomn of the vertical 
section:— 

RMnlts. Bcsnlts. 

49-95 104*00 

162-75 225-80 

392-15 360*00 

386-75 389*20 

423*00 457-50 

478*50 506*76 
522-86 

[results. 



Besolts. 

000-00 first result 

534-94 last do. 

534*94 sum of do. 



2415-96 sum of seen 

4 



[results. 
2043-26 sum of o<M 
2 



4086-52 twice do. 



9663-84 four times do. 
4086-52 twice sum of odd do. 
534-94 sum of first and last. 



14285-30 

10*56 common distance. 

857118 
714265 
1428530 



3)150852-768 



* The calculator will always have a check on his work by observing the length of the axis A. An. and observing also whether or not 
the ordinates near the beginning differ widely from those at the end. If the ordinates do not differ widoly in this sense, the centre of 
gravity will be determined by a line perpendicular to the axi^ tifar iU middle point. If the ordinates are greater near the beginning 
than at the end, the centre of Gravity determined along A, An will be nearer the jirtt ordinate than the laet, and vice vfr$A. 
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({0284*256 nnilt obtained by *' Simpson's 
10*56 oommon distance. [Role." 



301705536 
251421280 
502842560 

53100174336 
.'. distance of centre of gravity from first vertical sections ^^ ■ 

as 69*47 feet 

We shall mppose tlie )lrtt vertical section 49*75 to be tliat nearest 

the how, and 

234*25 cubic feet, to be the volume of the portion below the last 

liorisontal section, or the portion just above 

the keel. 

22*5 feet, the distance of its centre of gravity 

below the plane of flotation. 
70* „ fh>m the first vertical plane. 
324*76 cubic feet, the volume of the portion before the first verti- 
cal plane, or between Uiis plane and the 
bow. 
10 and 7 feet, the respective distances of the 
centre of gravity from the same 
planes as above. 
576*00 cubic feet, the volume of the portion aft of the last verti- 
cal plane, or lying between this plane and 
the stem. 
8 and 160 feet, the respective distances of the 
centre of gravity from the planee 
already mentioned. 
Then, {fdf,d^he the distanees of the centre of gravity of the 
total displacement from the planes of flotation and first vertical, 
we have 

7643-23 X 9*17 + 234*25 x 22*5 -I- 324*75 X 10 + 576 x 8 
7643*23 + 234-25 + 324*75 + 576 
= 9*48 feet below the plane of fiotation. 

_ 7643*23 X 69*47 + 234*25 x 70 + 576 X 160 — 324*75 xj 
"" 7643-23 +234*25 + 576 + 324*75 

= 71-8 nearly. 

The reader will perceive that all the quantities are added 
in obtaining the former result, and that the last one is sub- 
traded in the latter case. The reason for this is, tliat in 
the latter case, the portion forward lies on the opposite side 
of the first vertical plane to all the rest, or is measured, what 
we have called backwards. Now, if we had considered the 
first vertical section, 49*75, as being taken at the stem, then 
324*75 X 7 would have been addsd^ and 576 x 160 sub- 
tracted, in consequence of the portion aft lying, in this case, 
on the opposite side of the first vertical plane to the other 
portions. In the first result, all the portions lie below the 
plane of flotation. We also perceive that the centre of 
gravity lies between the sixth and seventh vertical sections 
inasmuch as their common distance is 10*56, and 10*56 x 6 
«= 63-36; also, 10*56x7=73*92; therefore 71*8 -6336 
■b8'44 feet abaft the sixth section. 



<»,= 



radios of 
gyration. 



MOHENTS OF DTEBTIA, &C. 

Moment of Abt. 6. — As the calculation of Moments of Inertia are 
inertia and of the greatest importance in the determination of the 
""" ' stability of a vessel, we proceed to furnish the reader with 
a short sketch of the subject. 

Def. (I.) — The sum pf ^products of the mass of each 
particle of any system into the square of its distance from 
any straight line is named the Moment of Inebtia cfthat 
System about the given line, 

Def. {ll.y—lf k be a quantity such that the moment of 
inertia =Mk\ then k, the distance at which we may sup- 
pose the whole mass, Vl of the body^ collected so as not to 
alter the moment of inertia, receives the name (f the Radius 
OF Gyration. 

Thus, if ail, mp mj, &c., be tlia masses of the particles, and rj, 
ffi ("s* ^^'> ^^^^^ respective distances from a line about which the 
body or system revolves, 




bodies. 

First im- 
portant 
Rule for 
finding the 
moment of 
J^ inertia of 
bodies. 



Then A* — **i «^+*S ^*-^^ ''a***' &C- _ l(mr') Momenta 

mi+«4+«3 + &c ■" 3(m) Of Inertia. 



ff/^^^^y <** 
^ representing the density, and m, y, s, the co-ordinates of any point 
of the body or system. 

In the calculation of the motion of a rigid body, or system of bodies 

invariably connected, we meet with the following expressions : — 

3m«, Smjr, Sm* 

Jmxy, 2inx«, 2mys 

Jnu^, Imy^f Inw* 

Now if M represent the total mass of the body, or system, of 
wliich m represents a particle, a, y, s» the co-ordinates of the centre 
of gravity, then 

M« = Inui, My ^ Smy, Mf := 2ms 
Kote 6, p. 87. 

If we select a plane passing through the centre of gravity for 
one of the planes of reference, tliat of «y for instance, 
then Mi =s o .*. 2ms = o. 
If we select for the axis of z, a line through the centre of gravity, 
and take the origin of co-ordinates at that eentre, then we have 
simultaneously 

« = o, y = o, s r= o, and therefore 
2mx z= o, 2my = o, 2mz := o. 

In general for any body, or system of bodies, the cMSt of ooK>rdi- 
nates may be so selected that 

iBwy, Jnu», and Imyz become separately = o. 

Def. (III.) — Axes so chosen are called the Prtmr^Mi/ Principal 
Axes of the body at the point which is taken as origin. •*«■ ^ 

Prop. (I.) — The moment of in- 
ertia of any system about any 
axis is equal to the moment of 
inertia ahout an axis through 
the centre of gravity parallel to 
the former ; plus the product of 
the mass of the system into the 
square <f the distance between 
the two axes. 

For, let p be a particle whose mass 
is m, and A and O be the traces of 
two lines (passing through p at right 
angles to each o&er) on a plane, the 
latter one being drawn through the 
centre of gravity G of the body. 
Draw pp' ^ to A G, or A G produced 
and joinpA,pG. 
ThenpA* = pG^+AG'+SAG . Gp' (Euclid, U. 13), 
And a (m .pA«)= 3(m .pGa)+3(m . AG^)+2(2m . AG . GpO- 
But as above, linGp' = o .*. 3 (2mAG . Gp') = o, 

And a (m . pA») = 3 (« . pG«) + 3 (m . AG*). 

If A be the distance between the two axes here mentioned, and k 
the radius of gyration about an axis through G, the m oment of 
inertia about the axis in question = ^ (A'+i^ and Vh^+k^ is 
generally named the radius of gyration about the given axis. 

Prop. (II.) — The moment of inertia of any plane area Second im- 
about a perpendicular axis is equal to the stun of the vort^nt 
moments of inertia about any two lines at right angles to ^^^ ^^^ 
each other in the plane of the area passing through the „," ^^f ^ J 
point in which the axis meets the area. inertia of 

Referring to the figure in the last article where Ay is at right bodies, 
angles to Ap', and pq perpendicular to Ay. 

Ap2=p<?2+pp'2 

.-. 3(m . Ap2) = 3 (m . p^)+2 (m . pp^) 
Which establishes the proposition. 

Def. (IV.) — The moments of inertia of a body about its 
principal axes at any point are called its principal moments 
at that point. 

If we take the principal axes for the co-ordinate axes and repre- 
sent the principal moments by A, B, 0, then if P be the moment of 
Inertia about an axis whose direction cosines are «, fi, y, then 

P=Aa2 + B/J» + Cy» 
where «2 + iS2 + y2=l 

.-. (A-P)«5»+(B-P)/Sa+(C-P)y2=o 
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llomtntt 
of Inertia. 



Enaplet. 
Of a rod. 



Of a drde. 



Examples 
for prac- 
tice. 



tli«ioneortbeqwmtitJeiA-P,B-P,orC-Pinnfthaveanegative 
sign, and therefore P most lie between the greatest and least of the 
quantities A, B, and C. Hence, of all moments of inertia about 
axes through a given point, the moment of inertia about one of the 
principal axes is greatest, and about another the least.^ 

(1.) Find the radius of gyration of an indefinitely thin 
rod about an axis in ite own plane at right angles to iu 
length and passing through an extremity. 

Let s be the distance of any point p from the axis, r the indefi- 
nitely small thickness of the rod, and ^ its density, supposed uni- 
form, then 

:t^ where • U the length 



MJfc«=^/^«»<i«=^ 



But M=r^T» 

... *«=^ 

(2.) Find the radius ot gyra- 
tion of a circle about an axis in 
its own plane passing tlirough its 

A B the diameter or axis about 
which we wish to find the moment of 
inertia. 

Take a lamina pq parallel to the 
giTen axis 0=r«, pr^y. Then, 

•»+y2=a» .... (I) 

where a ss radius is the equation to 
the circle. 

If r be the very small thickness of the circle, ^ its density, we 
have for the mass of the lamina 2^dx. 




*2=- 



^Jydrnx*^ p^dm h^ 



'x^dxf/^^^^ 



l^riydm Jydm fdW^^^m 



+0 



Take this between the limits « = a and « ^ — a and Ifl ss -j^ 

(3.) Find the radius of gyration of a circular area about 
a straight line parallel to its plane at a distance c from its 
centre. 



H = ^+e« 



(Prop. I.) 



(4.) Show tliat the radius of gyration of an ellipse about 
Its miyor and minor axes are -r- and -j- respectively. 

(6). The radius of gyration of a circle perpendicular to 

a' 
its own plane and passing through its centre =-j, and about 

a similar axis for the ellipse «=-(«'+ A*). . • (Prop. II.) 

(6.) The radius of gyration of a triangle about an axis 
perpendicular to its plane and passing through its centre of 

gravity =5 5g (o'+A^+c^, and about an axis at right angles 
to its plane and passing through one of its angular points 
"12 (^' + ^*""^) '^here c is the side opposite the angle 
through which the axis passes. 

(7.) Find the radius of gyration of a parabolic area, 1st, 
■bout a line and its plane passing through the vertex at 



Bodies. 



right angles to the axis ; 2d, about the axis ; 8d, about a Stability 
line through its vertex at right angles to its {^ane. of Floating 

Theny'sieuB. 
1st, /. rad. of gyration about line through vertex at right aaglet 
to axis and in the plane of parabola 

^^js^dm U^jm^dm j «( 

^ ^ +C 



2^jydm Sm^/v^ 



I-* 



Tdce this from « =: o to « = a and the result is = a*. 

7 

2d, If 26 be the double ordinate, a the abscissa, 



»»«*, 



Bad. of gynkttoD .boat asU s ' 



r/r«-.)^ /(«-^)<iy 



__ 20amy«-3/ ,^ 
""eOomy-lOr*"*"^- 

But •» = T- and if we take the integral between the limits y s b 
and y ^—6 we obtain 

rad. of gyration about the axis = 76' 

8d, rad. of gyration about an axis through vertex, at right anglee 
totheplaneofparabdas? a*<f 7 6> .... (Pmop. IL) 

(8.) Find the radius of gyration of the parabolic area 
y s A + B;r + Cx*, bounded by the double oroinates 2a, 2a,. 

Jfot4 1, p. 30. — ^About the axis A, «! also about an axis parallel 
to the former at a distance c ; hence, deduce the moment of in- 
ertia of the plane of flotation about its longitudinal and transverse 
axee through its centre of gravity. 

STABUJTT OF WLOATtSQ BODIES. 

Art. 7. — Various definitions have been given of thegtability 
slabilify of floating bodies. The reader will probably com- General 
prehend the term from the explanation and definitions prindplea. 
which follow. 

Euler, in his Theory of the Consimeium <f Vefulty ftc, 
as translated by Colonel Watson, observes, that, '* As soon 
as a vessel becomes ever so little inclined, or displaced firom 
iu state of equilibrium, three consec^uences may happen :— 
Isi, Either the vessel remains in the mclined state ; or, 2dfy^ 
It re-establishes itself in its preceding situation, when its 
equilibrium will be permanent, or rather, it will be endowed 
with a stability which may be great or little according to 
circumstances ; or, Sdfy^ The vessel, afler this inclination, 
will be completely overturned. This equilibrium is called 
unstable, or ready to fall. We can see, evidently, that 
neither this last case nor the first can have place in vessels ; 
and with respect to the second case, a sufficient stability is 
absolutely necessary."' 

The last remarks here made are not altogether true 
when a vessel is inclined through considerable angles by 
impulsive forces. We shall therefore proceed to investi- 
gate the different kinds of stability. 

Dep. (1.)— Statical Stabiutt is defined to be the mo- statical 
meni o/vobce (or effbrt\ by which aflotUing body endea- StabiUty. 
vours to regain its vpright or vertical position^ efier having Def. 
been deflected from that position. 

Def. (II.) — Dtnaiocal Stabiutt is defined to be the Dynamical 
amount of work" done on any body^ in order to deflect k Stability. 
through any angle from its upright position. ^^• 

As has already been stated, it is shown in books on Hy- 
drosUtics, that when a body floate in equilibrium, the fol- 
lowing conditions must be fulfilled : 



1 Gri€Bn's Dynamic* of a Rigid Body, p. 9. See also Koutb's Hiyid iJynamia, 

* Vid€ chap, iv., sect. 22, of the worls here mentioned. 

• By the amount of wurls here alluded to, is meant the weight of the body, in poands avoirdupois, multiplied by the vertical height, 
in feet, of the sum or difference of displacemenu of the centres of gravity of the body and of the water which it displaces. 
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StabUity l'«. • ^eVrf = aM. or simply eVrf=M, 

of Floattng where M represents the mass of the floating bod?, V^ the ▼dlume 
Bodies, of water displaced, ^ the density of a cubic unit (say a cubic foot) 
v^ -^^ of water, and g the accelerating force of gravity. 
^ ^ ~ 2dy The centres of gravity of the body, and of the water which 
it displaces, must lie in the same vertical line— that is, in a line at 
right angles to the plane of flototion. 

From the first condition, namely Vrf = -, It is at onoe manifest, 

that in many bodies, such as some of the solids of revolution, this 
will furnish us with an infinite number of positions of equilibrium, 
for all of which the second condition will be fulfilled. 

When a body is inclined through any angle from its upright 
position, the plane of floUtion will differ in position from the 
plane of floUtion in the former case; and for every plane of floata- 
tion the centres of gravity of the vessel and its displacement will 
in general have different positions. If we suppose the vessel to 
roll and piuh ^ uniformly through any finite angles, the centre of 
gravity of displacement G<i, or centre of buoyancy, as this point is 
sometimes called, will describe a portion of a surface in the interior 
of the vessel. 

It will readily be comprehended by the reader, that a vessel 
may possess a great amount of both kinds of ttabUity specified in 
the definitions up to a certain point, that is, through a given angle 
from its upright position, and then instantaneously become un- 
stable. BuiBclent attention has not been paid to this fact, inas- 
much as writers on stability, as applied to ships, generally neglect 
to discuss the case of unstable equilibrium. It is a well-known 
fkot, that ships have been capsixed through unforeseen impulsive 
forces, as in the case of the Royal George.^ When the vessel has 
been Inclined through any angle, it has been always customary to 
assume that the volume of the portion which is emerged is equal to 
that which is immerted. This is not accurately true, on account of 
the Inertia of the vessel and the water, as well as on account of the 
effect of the wind on the sails, which may tend to increase the total 
displacement 



pose the body to revolve (through an infinitely small angle) ; it fol- Stability 
lows, therefore, that all the tangents drawn through G^ are parallel of Floating 
to the plane of flotation ; hence Bodies. , 

Theorem II. — 7%^ tangent plane,' draw7i through the ''*— n,^*-^ 
centre oj gravity of displacement in any position to the ^ur- Tangent 
face traced out by this point during the rolling and pitch- Pj"*® *"<* 
ing of the vessel, is parallel to the plane of flotation cor- J^J^^^ 
responding to that position, 

Abt. 9.— If G (fig. 7) denote the eentre of gravity of the float- 



Property 
eommon to 
All bodies 
when in- 
ollned 
through » 
given 
aoglf. 



Art. 8. Theorem I. — The line joining the centres of 
gravity of the displacement of the body in any tufo positions 
is parallel to the line joining the centres of gravity of the 
immersed and emerged portions due to these positions. 

For, let FKL' represent a transverse section of the body, made 
by the plane of the paper, and Qj, Q'4 the projections of the centre 
of gravity of displacement in the two positions, g„ gi the projec- 
tions of the centres of gravity of the emerged and immereed volumes 
due to the two positions. 

Then the immersed portion of the body in the two positions will 
have the common part 

(the section of which is shown by F'PLK), where 9 represents the 
volume of the part emerged or immersed. 

Jjet <y be the projection of the centre of gravity of the volume 
Vtf »v on the plane of the paper, then by the principles which have 
been already enunciated (Art. 4, p. 36, Ac.), the centre of gravity 
O4 is determined from 

G^i^.Xv = G^O'x(V^-v) (1.) 

and the eentre of gravity G'^, in like manner from 

i^,G'^X» = G'^0'x(V^-.f) (2.) 

By(l.)andr2.)^.GrfXG'jO'=^iG'jXGjO'; 

or, g,Qd:GiO'::gia'^:G'iO; 

hence G^ G'^ is parallel to g^gi. (Euclid, vi. 2.) 

Next, if we consider the volumes immersed and emerged to be 
infinitely small, or, in other words, the two planes of flotation, of 
which FL, F'L', are the projections, to be indefinitely near, the 
centres of gravity of these two volumes may be considered as situ- 
ated in the plane of flotation (FL). In this case G^ G'^ becomes 
parallel to FL, that is, Q^ G'^ becomes a tangent at Gj, to the curve 
traced out by the latter point in the plane of the paper. This is 
rigorously true at the limit, no matter in which direction we sup- 




Fiff.7. 

ing body, and G,f that of the water displaced, then in positions of 
equilibrium G^G is a normat^ to the surface described by the 
latter points. For, by the second condition of equilibrium, given 
in Art. 7, G^ G, is necessarily perpendicular to the plane of flota- 
tion, and is therefore perpendicidar to the tangent-plane at the 
point Gd, since the latter plane b parallel to the former. Let 
us suppose the surface traced out by G,f to be actually described, 
then if from G, the centre of gravity of the body, we draw all 
the normals which it is possible to do from this point to the sur^ 
face, we shall determine as many portions of G,f as there are nor- 
mals, and consequently as many planes of flotation, for all of which 
there will be equilibrium of one kind or the other — ^that is, ttable 
or unstable, 

A rolling motion will be sufficient to establish the following 
principles : — 

Let us suppose the plane of the paper to be that transverse 
vertical section of the vessel which contains the centres of gravity 
of the vessel and its displacement when floating at rest, Next let 
the body be made to roll through any angle, and the point Gd 
will describe a curve in the same plane, which is represented by 
AGrfB. 

Let Gd, G'd (fig. 7) be two consecutive positions of the centre of The Meta- 
gravity of displacement (that is, two positions indefinitely near to centre or 
each other) ; draw normals through these two points to the curve centre of 
AGd B. and let them intersect in M, the latter point in geometry curvature, 
and analysis receives the name of the centre of curvature; but in 
regard to the floating body it was named by Bouguer the meta- 
eentre, and the circle described through G^ with radius MG4 is 
called the circle of eurvaturCf or sometimes the osculating circle. 

The curve described by the centre of gravity of displacement Metaeen- 
(centre of buoyancy) has been named the meuicentric curve, Mr trie curve. 
Read, late master-shipwright of H. M. Dockyard, Sheerness, pro- 



^ By a rolling motion Is understood a motion about a longitudinal axis, or from stem to stem. By a pitching motion is to be under- 
Stood the motion of the vessel about an axis at right angles to the former axis, or about an axis which lies in a transverse vertical 
section. During a rolling motion only, the centre of gravity of the vessel will remain in the same transverse section ; and during a 
piteMng motion only, the centre of gravity will remain in a vertical section at right angles to the former. When the motion is due to 
rolling and pitchiog combined, the vessel will revolve about an instantaneotu axis, which may be determined. 

' And in all probability many other vessels.- 

* By a tangent-plane is here meant a plane which touchee the surflMe described by G' at a given point, and which, if produced, does 
not intersect this surface. For the general definition of a tangent-plane and its properties, see Uymer's and Gregory, and Walton's 
Oeomttry of Three Dimensions, 

* By a nofmdl to a surface at a given point is meant the line drawn at right angles to the tangent-plane at that point. 
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Stftbilffy poee4 to call it the metacentrie involuUt &nd the carve described by 
if Floating M the metacentric evolute^^ which terms are strictly in accordance 

Bodies, with mathematical theory. 
V J- -^^ It will be seen hereafter that the position of the metacentre is 
~ ^ ~ of the greatest importance in the determination of the stability 
and times of oscillation of vessels. Its ht^ip^ht above the centre <^ 
gravity of displacement may be determined as follows — 

Art. 10.— The notation and fi/rure remaining the same as in the 
previous article ; the ordin<ites measured on the k<i^-breadA 
plan at the load-water line being employed. 



Bole for 
determin- 
ing the 
meta- 
centre. 



Rule XIV. — Cttbe the ordinates measured on the half' 
breadth plan, introdtice these cubes as ordinates in Rule 
I^ p. 30, and proceed as therein stated ; divide the result 
thus obtained by the volume of water displaced, and two- 
thirds of the quotient gives the distance of the metacentre 
from the centre of gravity of displacement. 

Let the vessel be slightly inclined from its upright position, we 
may consider the areas FPP' and LPL' to be two equal sectors of 
the same circle \* then g^ gty the line joining their centres of gravity, 
will bisect this angle. Draw g^ |>|, ^{^j perpendicular to F'L', and 
G^R perpendicular to MOV 

Let r = PP = F'P = LP = L'P, and it is weU known that the 
centres of gravity are determined by 

-, _ 2 r . chord PF' 2 r .chord LL' 



SarcFF' 



3 arc LL' 



irsint 



3^ 



-, ^ being = <PPP' 



But area of sector FPP' or PLL'= 



/-Lif 



And 



l^^ 



PPi = P^i = Ps's.cos|=P^^ 

Also moment of sector FPF', or sector LPL', 



irsin^cos^ _ - 

p_ 2 2 _ 2rsin^ » 

•~*2- 37 "IT'' 
area FPP' X Ppj 
r2« 2rsin^ 
=^ ^X ^ 



= area LPL' x P^i = 

_ r3gin^ 

"" 3 



3 p 



(I.) 



Now, since the solids emerged and immersed are supposed to be 
equal, and that these solids may be conceived to be collected at 
their respective centres of gravity, it is clear that the centre of 
gravity of the volume of water emerged has been moved from p| 
to 9| in the direction F'L', while the total volume of water dis- 
placed by the vessel has been transferred from Od to R in a 
parallel direction. Hence taking moments, we have, by elementary 
mechanical principles, 

GdRXfX Vd = pjgiXeX». . . ... (IL) 

Or, GdR . Vd = Pi 9i . v. 

But the angle PPF' = angle GdMG'g between two consecutive 
normals 

.'. MGd sin p = GdR 
Vromin.)MG,= EtJU± (m.) 

Now, if we imagine a plane drawn parallel to the plane of the 
paper, or to the section shown in the figure, and at the infini- 
tesimal distance a «, the moments of the volumes of the solids 
emerged and immersed will be represented by 

— gi a f' A «, from (I.), or 

by employing the notation of the Integral Calculus, observing that 
the integral here given must be taken from stem to stern. 



UGd 



_ 2 sin ^ 



Vdsin 



= r?T/^^*- 



ralC 
from 

sin fj 



from (III.) 



(IV.) 



The integral, /rS<i« is sometimes named the moment of insrtia ^'^of Floatinff 

the load-water section PL, about a horisontal axis through the ^V^TV/ 
centre of gravity, ^^^»/^^ 

It ought to be observed that, though we have here obtained the 
position of the metacentre of the vessel when in a vertical 
position, this point may in like manner be obtained, by employing 
the same rule, when the vessel is inclined through any angle, 
providing we substitute the ordinates of the inclined load-water 
section for those of the load-water section of the vessel when in an 
upright position. 

Art. ] 1. — Having obtained the position of the metacentre, we 
are now in a position to determine the nature of the equilibrium 
when a vessel is in any position ; for, if we call the lengths of tha 
lines drawn from G, perpendicular to the curve described by G<b 
NORMALS, then 

Theorem III. — Positions of stable equilibrium cor- Stable and 
respond to minimuh normals, and positions of umstablb unstable 
equilibrium correspond to maximum normals : also these ^^' 
normals will have alternately maximum and minimum "**"' 
values^ 

Various demonstrations af this theorem have been given in 
books on Hydrostatics, and the reader will find the subject dis- 
cussed in &e Mechanic's Magazine, a periodical which contains 
many valuable papers on shipbuilding. The following exposition 
of the principle may be found sufficient for the mathematical 
reader. 

If (fig. 7) M be the centre ofewrvatwre corresponding to Gd, Mid 
situated at first above G, the osculating circle at Qd will lie both 
within and without the curve AGdB in the immediate neighbour- 
hood of Gd% and the circle described tvom G as a centre, with 
radius GG<i, will lie entirely within the curve in the vicinity of 
Gd, and the normal GG<| will be a minimum among all those drawn 
from G to the points of the curve in the neighbourhood of G<| ; 
that is, GGd will be less than GG'd and GG^d. If M lie below G, 
we learn by the same reasoning that GG<| is (greater than GG'd and 
GG''d, since the circle described from G with radius GG<| lies en- 
tirely without the curve AG<|B; that is, the contact is of the 
third order.^ 

These normals are alternately maxima and minima, since be- 
tween two maximum values there is a minimum, and a maximum 
between two minima. There are as many maximum as minimum 
values ; hence the number of positions of equilibrium, neglecting 
the kind, is even. Moreover, 

Theorem IV. — When the metacentre lies above <^ Condition 
centre of gravity of the vessel^ the equilibrium is stable, ^or stable 

For, if we incline the vessel in such a manner that Qd shall be ^pi^Q, 
at G'<|, indefinitely near to Gd. the normal at G'd will pass through 
M (since the latter point is the intersection of two consecutive 
normals) ; then the weight of the water displaced applied at G'd 
will be parallel to MGd and will act upwards, whilst the weight 
of the body at G' will act downwards in the direction parallel to 
MGd and it is evident that the effect of these two forces will be 
to bring the points M and G'd into their original position." 

Theorem V. — W7ien the metacentre lies below the Condition 
centre qf gravity of the vessel, the equilibrium is unstable, for un- 

For, inclining the vessel as before, through an indefinitely Juj^iQ^J 
small angle, the effect of the two forces just mentioned will be to 
bring G' and M into a vertical position ; and since G is above M, 
the vessel will bo capsixed.* 

Theorem VI. — When the metacentre coincides with the Condition 
centre of gravity, the equilibrium is said to be indifferent ^o^ indif- 
or neutral; that is, tlie vessel will rest in the position in ^®"^®' 
which it is tlien placed, equUi- 

Art. 12. — Having obtained the hind of stability, we may 



1 llie metacentric curve is that made by any plane (a transverse vertical one in the present case) with the metacentric surface. 

' It is not necessary to consider the sectors as equal, providing we bisect the angle FPP'; and with centre P and radii PC, PC, we 
describe arcs of circles intersecting the two planes of floution (the projections of which are PL and Y'L'), the same result as is obtained 
below may be shown to hold true. 



3 Because 2 sin ^ cos ^ = sin f. 
• See HaU^s Cakulue, p. 200 



^ Maximum and minimum mean greatest and least values. 
* The axis about which the vessel rolls is here not supposed to pass through the centre of gravity. 
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Subllfty at once obtain the analytical condition for the natural 
of Floating BTABiuiT of a body after having proved the following :— 



Theobex VII. — The centre of gravity of a plane offla- 
Centre of ^'*^ ^^ ^^ ^^* ^'''^ ^f ''* intersection^ with a plane offlo' 
graTitj of ^^<^ indefinitely near to the former plane. 



plane of 
ioution. 



Let PQ repreient the intersection of the two pUaet here men- 
tioned, g^gf', the centres of 



grarity of the areaa EPQ 
and LPQ, the areas heing 
denoted by A and A'. 
Kow, the centre of gra- 
Tity of FPLQ is obtained 
by dividing ^^ into two 
parts reciprocally propor- 
tional to those areas. Let, 
then, ^ be the infinitely 
small angle between the 
two planes of flotation, I 
and f the perpendicolar 
distances of ^,/, from 
PQ. As the wedge-like 
portions emerged and im- 
mersed are esueedingly 




Fif.eL 



small, we may apply the principle of Galdinns, given at page 87, 
Tis. : — 1 

Volume P'PPQ = A/^, and volume LL'PQrrAYf; and since 
these volumes are equal 

.-. Alp = ATf or AZ = AY ; 

thatis,i:i'::A':A (1) 

Prom the similar triangles ghO, i/h'O, we have, 

1:1' iigOig'O (2) 

hence by (1) and (2), 

^:/0:: A':A; 
that is, is the centre of gravity of the plane of flotation. 

It is clear that the point will trace out a curve in the plane of 
the paper, provided the body be made to revolve through a finite 
angle in this direction, and F'L' is a tangent at to this curve. 
Moreover, the vessel might be made to revolve in any direction, 
and the point would then trace out what is called the §urfaet of 
flotation. From the manner in which we have obtained the result 
just given, we arrive at Enler's theorem, vis.,— 

Ths point of contact of the plane of flotation with th4 turfaee of 
flotation it the centre of gravity of that plane. 

Moreover, if we conceive (aA|) to represent an elemental portion 
of the plane FPQF, end r^ the distance of this element from PQ, 
then p (aA,) r* will represent the corresponding volume of the 
portion FPQF% assuming it to be a solid of revolution, and the 
total volume is got from 

• = ^ {(AAJ ri + (AA^r,+(AAj) r, + &c.} = ^3 (AA)r. 

We know from the formula for determining the centre of gravity 
ofbodies(p. 37), that 

^ _ <>{(^i)n'+UA,>,«4-(AAa)r3« + Ac} 

^{(AAi)ri + (AA^r, + (AAjr,+&C. } 

, ., , prdA.r* 
f2/^A.\)r»_ V 

by employing the notation of the Integral Calculus, and bearing In 
mind that these integrals are to be taken between proper limits : — 

Now, /*<iA . r^ is called the moment of inertia of the plane 
PQP in regard to the axis PQ, the density being unity.(See Art6.) 

.*. ^0 = ^, . ki representing this moment of inertia; also, 

g'O = ^ , where k^ represents the moment of inertia of the 

plane LPQ, in regard to the same axis. 

But ^^ ^gO + ^0 = ^'^'"^^^ = ^ . ik being the moment of 

inertia of the plane FPLQ in refl:srd to PQ. Returning again to 
' fig. 7, where gg, gu represent the centres of gravity of the inde- 
finitely small volumes emerged and immersed, we have shown that 
9e 91 is parallel to G<f G'<|. 



and 



9e9i • Vd' 



f being the angle 
^^^_GdG'<l_GdG'<i 



between two consecutive normals, then 
since f is exceedingly small, and the 
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sm^ p 

sine may be taken equal to the are, and g^gi is the same as the 
value Otgif (given above) at the limit ; hence 

MG„ = A=£* .......... (I.) 

We have seen that the condition of ttaUe equilibrium is MG^i 
>>G04; io that if h denote the distance GG^i, the oonditioo is 

^.-^-«>' <"■> 

Theorem VIIL — The moment qf inertia of the plane cf Condition 
flotation must be greater than the product of the volume of for stoUe 
water displaced, and the distance between the centres ^equili- 
gravity of the body and its displacement. brium. 

The value of k may be found by Art. 8. 



From (L) G<|M = GG^+GM = ^ 



.GM = ^-.GGd 



(in.) 



Art. 13. — To determine the line of intersection qf the 
plane of flotation of the vessel^ when in a vertical position 
with the plane qf flotation^ when the vessel has been inclined 
through any angle ; or to determine the point P (fig. 7) of 
the intersection of FL and FL'. 

Through (fig. 7), the middle point of FL, draw/^ making the 
angle F0/= LO^ ^ given angle f. Let the volumes, of which 
FO/and LOi are sections, be represented by Vj and V, respec* 
tively ; also, lete| and e, represent the volumes of which £P0/ and 
L'POi are sections, and v = volume emerged or immersed ; then 
V, = v+e,; 
and Vj=e— »j 
••• V,-Vi = v, + e, 

= area of plane/ 2 % 0£ (nearly) where OB 
is drawn perpendicular to F'l/. 

But 0£ = OP sin ^ 



OP: 



(L) 



area plane/ 2 sin ^ 

Various methods have been recommended for the calculation of 
the solids V, and V| as well as for the volume e, all three of 
which are obtained in the same way. The following plan will 
guide the reader to find «; — 

let. Join FF' and LL', and the areas of the triangles FPF'; 

^ „, , FP . F'P sin p LP . L'P sin f 
orLPL' = ^ ^\ or ^ r. 

2nd. The curves FCF' and LCL' may be considered as parab- 
olas, and the areas lying between FF' or LL' and the curves 
2 FF . X perpendicular height of segment FOF^ 

2 IjL' X perpendicular height of segment LCL' , 
1 — £ _ — 2 2 J or we may employ 

3rd instead of 2nd to find the areas of the segments just mentioned. 

Zrd, When p is very large, ordinatee may be measured at right 
angles to FF' and LL' (seven will always be sufBcient), and al 
equal distances apart^ and the area found by Rule (lli.) Art. 1. 
(or by Rule I.; 

4iA. Baving found the areas FPF' and LPL' made by each ver> 
tical section, introduce these as ordinates in Rule (1.), and proceed 
as therein stated. 

Remark, — Several writers have propoeed to draw the ordinatee, 
mentioned in (3), parallel to the plane of flototion. There is, how- 
ever, little labour saved by such a plan. 

For a very large number of vessels, which are fnU below the 
load-water plane, the following method may be applied, and will« 
it is believed, be found almost as accurate as those just recom- 
mended. Bisect the angle FPF' by the line CC, and with radii 
PC, PC, describe the arcs HCH' and NCN'; then the sectors wUl, 
in general, be very nearly equal io area to the portions FPF' and 
LPLi'. If CP = r, and C'P = «, then the area of the sector HPU' 

=: ^, and area NPN' = '^ . Summing theee areas (by Rule 
*2 2 



1 We here suppose that the volumes emerged and immersed are solids of revolution, that is, solids described by the revolution of the 
pianos FPQ and LPQ round PQ. This assumption will be accurate enough when the angle p is very small, as we have asnumed it to be. 
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StabUitj I*) tnai item to ftoni, and writing •'i > •*! > *'8* ^> '"'^ ^^ ^^ ^^» ^' 
of Plotting ftc, radiiy with timilar exprMrioM for $, Ac, we haTe 

,^^^ Voluma«nerg«l=^[ri« + r»H + 4(r,» + V + 4cO + 2('^»* 

+ V + *c.)} 
VdanM ImmerMd =^ I #,« + *n« + *W + »/ + *«•)+ ^W 
+ V + AC.)} 

N«w mle Calling the linea CP, CP, measared on each Tertical teetion, 
for lining ordinatet, we have the foUowinfif approximate role to find the 
the vol- Toiamet of the iolidi emerged or immersed : — 
urnee of 

immersion RuLB XV. — To the sum of the squares of the first and last 

and emer- ordinates add four times the sum of the squares of all the 

■^<"^ even ordinates, and twice the sum of the squares of all the 

odd ordinates ; multiply this result by the common distance 

and by the circular measure ^gQ * corresponding to the 

angle through which the ship has rolled — divide by 6, 
and we obtain the volume required {nearly). 

Art. 14.— Returning to Art 8, and referring to fig. 7, 

Draw 6T parallel toMGdand OCT parallel to G<|B. 

Then, GdB . ^ . Yi^p^q^ . f • • ; 

And OG'sGdR — G<fT 



Meaenreof 
ttoticalste- 
bUity. 






-GG<fiin#. 



V eV^GG'rrp,^, .e-v-GG^.^.V^ilnf; 
Or, W.GG' = (pi^i.«» — GGtf.Wsln^) . 



(I.) 



w representing the weight of water emerged or immersed ; For- 
mula (I.) measures the Mtatiedl ttalnUty^ Def. (L) of a vessel as 
given by Atwood in his paper published in the TrantacHofu of cAs 
Royal Society for the year 1796. 

Method of Art. 15. — The rule most frequently used by naval archi- 
finding the tects to determine the centre of gravity of a vessel, when 
^'"'uJd ^^^ equipped for sea, is due to Chapman, and is as follows : — 
to Ch^ Suppose any weight ^or weights) W^ either on the upper deck or 

101^ ^ elsewhere, to be moved fh>m its position at W^ (fig. 7) to another posi- 
tiou, as W^,, and that by this change of position the ship has been in- 
clined through the angle ^. From W'| (the centre of gravity of the 
weight or weights) draw W'jE parallel to F'L',and WiE perpendicu- 
Ur to W'jB; then W'iE = WjW'i cos ^=e cos f ; if W,W'i=e. 

So long as the disturbing weight W, remains in ite new position 
W'|, the vessel will remain in equilibrium, and therefore ite centre 
of gravity must lie in the line G'^M by the second condition of equl- 
librium. Hence it has been transferred a distance GG^ paraUel 
to the plane of flototion F'L', while Wi has been moved through a 
distance W'jE in a paraUel direction. Taking moments, we have 
W.GG' = Wi,ccos^. 
From Equation I. of last article — 

nrt/ _ Pi ^1 w-GGrf . W sin » 
W 
Writing this latter value of GG ' in the former equation, we get 

GG^— ?lil^?L=i^L^^ 
'" Wsinf 

which determines the centre of gravity of the ship, when the centre 
of gravity of displacement has been determined. 

Another Mr Abethell, master-shipwright of H.M. Dockyard, Ports- 

method mouth, proposed the following method, in tlie second volume 

** It is applicable whenever a ship is taken into dock with the 
under side of her keel deviating from parallelism with the upper 
surfkce of the blocks. This is almost always the caM ; and it also 
not unfrequentiy occurs that ships are docked ' all standing,' and 
with so large a portion of their armament and stores on boa^ that 
the correction necessary to be made to the result which would be 
obteined by the experiment and investigation about to be described, 
in order to make that result agree with the cireumstences of any 
additional armament and equipment, would be comparatively easy. 
We wiU now quote from the article in question. 



*" < We wiU suppose, by the falling of the tide in the dock, the Stebility 
after^xtremity of the keel to come first in contact witii the blocksjof Floating 
then, as the tide continues to fall, the after-body is gradually for- Bodiee. 
saken by the water, and the fore-body further immersed, a constant v^- -^j 
equilibrium being maintained between the total weight of the ship ^ ~ 
and the p«*essure of the water against the immersed part of the 
body, until the ship is aground fore and aft. At any intermediate 
instant the ship may be considered as a lever of the second kind, of 
which the fulcrum is the transverse line or point of contact of the 
keel and after-block, and the power and weight, the weight of the 
immersed volume and that of the ship respectively, each acting in 
the vertical line passing through ite centre of gravity. As we can, 
by mensuration and calculation from the draught of the ship, easily 
find ite weight, that of the immersed volume, and the perpendicular 
distance of the line of pressure from the fulcrum : in the equation 
of the moments, the distence of the vertical line passing through 
the centre of gravity of the ship is the only unknown quantity 
which is therefore readily determined. AN (fig. 9) represenu the 




Vlf.«. 

water-line corresponding to the floating position of the ship, and 
KL the observed water-line just previously to the fore-part of the 
keel touching the blocks. The line PBO, perpendicular to AH, 
passes through the centre of gravity of the displaced volume AFMN, 
and consequentiy through that of the ship. Draw QH through 
the centre of gravity of the volume KFML, perpendicular to RL, and 
FG through the fulcrum F, parallel to QH. Then, putting tha 
total displacement AFMN =: V, KFML = v, and GH=r 6 ; if tha 
line 8E0, parallel to Qll, be drawn at the distance GE from G 

equal to -», it wiU, as weU as PBO, pass through the centre of 

gravity of the ship, which will be in 0, the point of their intei^ 
section. 

•< • To obtain tnm these considerations a general expression for 
the perpendicular distance of the point from the water-line AN, 
draw AD perpendicular to EG, and meeting it, when produced, in 
D ; and having calculated the values of AB and GE, put AB = a, 
DB or DG-|-G£^d, and the angle of inclination between the 

watei^linea AN and KLsa; then B0=( CO«): r* 

' \cos /tan A' 

which must be set off upon the perpendicular PBO, above or below 
AN, according as is greater or less than a.' " 

Since the publication of the first edition of this book, 
two interesting and valuable papers have made their ap- 
pearance in '' The Transactions of the Institution of Naval 
Architects," for the year 1861. One of these papers was 
read by Mr Barnes, the other was given in an extemporary 
address by Mr Froudc. 

It is first proposed to give an outline of Mr Barnes's MrBames's 
paper, entitled "il new method of Calculating the Stability method of 
of a Shipr As the originality consiste in finding the ^'^^!^***"8 
volumes, centres of gravity, &c. of the portions of immersion *** ^ *^' 
and emersion, the following remarks are confined to that 
portion of the paper : — 

The method seems to have been suggested by Rule XV. of the 
present work.^ At all events, the advantage of employing the 
section of a circle for approximating to the true volume is there 
clearly pointed out. But, whereas, in that rule, each transverse 
section SL'L, is considered as a section of the same circle of which 
the radius equaU the line drawn from S to the middle point of 
the arc LL', Mr Barnes, in his paper, supposes the arc LL' to be 
divided into any convenient number of equal parts, and by joining 



^This was published in the first edition of this article, some months before Mr Barnes read hit; pa|)er. 
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Stability the parts of rlivision to H, he obtdna a Mriaa of elementary sectort. 
of Floating Generaliaing hia viewi : — 
Bodiea. f£ i 




Fig. 10. 



If HR represent the line in which the plane of flotation, corre- 
sponding to the upright position of the ressel, intersects the plane 
of flotation when the Tensel has been inclined through a giren 
angle p, Mr Barnes divides HR into any number, say m equal 
parts ; also the angle LHL' is divided into any number of equal 
parts, say n ; then, through the points of division, transverse planes, 
HLL', Ac., are drawn parallel to each other, and radial planes, 
HMZR, are drawn inclined to the plane of flotation HK, at equal 

angles t, 

ThensinceareaofsectorHL-M=''^^^^^°f'' ^^*"'^ = |-xnL-», 

2 2n 

multiplying this by the breadth HI, we obtain for the volume of 

the small wedge HN, ± HL'* x HI. 

Similarly the wedge IP=1 IO*HI. 

A line equal to HR is now taken and divided into m equal parts, 
and ordinates are drawn at right angles to this line, and equal in 
Talue to HI*, 10*, Ac, Mr Barnes next considers a series of para- 
bolic arcs to pass through the extremities of these ordinates, as is 
done in obtaining Simpson's Rule, and he works by that rule for 


the area of the figure. Multiplying the result thus found by ^ 

(circular measure, t.«., 180® corresponding to 3* 1416, ~- will corre- 
spond to — ^ ), which gives the volume of the thin wedge HZ. 
3oOn 
Lastly, Mr Barnes takes a line at pleasure to represent the mag- 
nitude of p, and divides this line into n equal parts, and erecU 
ordinates at right angles to the given line. On these ordinates he 
sets off the numerical values of the thin wedges HZ, Ac, already 
found, and through the extremities of these ordinates he again 
passes a series of parabolic arcs, and works as in Simpson's Rule. 
By a similar process the centres of gravity of these wedges are 
determined.^ 

Method of ^^ Barnes next proceeds to find the value of the expression pj^, 

finding the >^ ^^ alluded to in Formula 1., Art. 14, p. 47. This he does in 

valueof the ^« following manner :— 

expression The centre of gravity of the wedge HN lies in the line bisecting 

Pi?i X ^ the angle L'HM, and at a disUnce ^ HL' from the axis HR, and 
therefore its distance from UR, measured in the direction HL'= 



IhL' CO. 4- 
3 2n 



Now the volume of this wedge has been shown to 



be equal to ^ x HI x HL'», .'. its moment about HR = ^ cos ^ 



2n 



3n 



2n 



HI X UL'S ; and as ^ cos ^ HI will be the same for all the wedges 

3fi 2n 
in the slice HZ, Mr Barnes again refers to the line which was 
taken equal to HR, and draws ordinates at right angles to it 
(through the m + 1 points of division) and equal respectively to 
HL'^ 10', Ac, works again by ** Simpson's Rule," and multiplies 

the curvilinear area thus obtained by ^ cos ^ (HI, being used as 

the common interval, is not to be multiplied into this result again). 
He treats the slices similar to HZ in a like manner, except that 

he multiplies respectively by -^ cos ~» ^ cos -^, Ac, and thus 
3n ^fi on iti 

obtains the moments of the several slices. 



Mr Barnes lastly refers to the line which was taken equal to the SUbility 
angle ^,and seU off ordinates at right angles to it (through the n + 1 of Floating 
points of division) equal to the moment of each slice, similar to Bodies. 
HZ, and again works by " Simpson's Rule" for the moment of the >^^— ^ 
whole wedge-like solid of in-mersion or emersion, which, of course, 
gives the numerical value of p,^. X «e ; the stotical sUbility is 
then readily obtained by Formula I., p. 47. 

It ought to be observed that, instead of taking - slices similar 

to HZ, Mr Barnes takes three »Uee$ only, — vis., ons adjacent to the 
upright water section, another adjacent to the inclined water 
section, and a third midway between the other two, so that his 
method approaches still nearer to the one indicated at the top of 
p. 47 than was at first imagined. 

Mr Barnes employs the same method for finding the moments 
^ (Pi 9* + 9i 9i) > ^® method given on p. 47 readily gives the 
momenu just alluded to, for 

2 2 4> 2 <> 

P^. = ^l.-.Pl>, = ^, cos|and IS'i = 3 »i ^2 

(employing the notation there used) 

.*. moment of first section similar to £PE' Cfig. 7) about longitudinal 
2 



axis through P = '-^^ >^ f •'l *^ f ~ 3 **» *"* 2 ' 

Moment of second section similar to £P£' (fig. 7) about longitudinal 



axis through P = ^ ^ 3 *"i *^ 2 = a 



3 



2 



>cos 



2 



.*. by Simpson's Rule, 

*e^cosf 
P^« X w == 



iPi' + *■.' + * ('•i' + V + V +. Ac.)l 
^1 +2(r3» + r.«+,Ac.)* J 



3 

when represents the weight of a cubic unit of water, and h the 
common distance of the sections. 
Similarly, 



IJ'i* +•.'+* (V + U* + »s* +. Ac.)\ 

-1 + 2(*,« + s,» +. Ac) t 



(P^* + ^9d ». or p, ^1 X w = 



A^ ^cos 



J jn* + -^^ + *W + V +> *c) + 2(V + r,^ +, Ac)| 
" (*,« + ..« + 4 (V + V +, Ac.) + 2 (V + ,,« +, Ac.)J 



3 

A method very easy of application, and which will be found 
sufficiently accurate for a large number of ships when the angle p 
is small. Should this method be deemed not sufficiently accurate, 
that of Mr Barnes will also deviate, though in a less degree from 
the correct result ; and, in this case, the use of Mr Weddle*s Rule^ 
given at p. 32, is strongly recommended. For vessels, as they are 
now constructed of such great length as compared with the breadth 
of beam, it would perhaps be advisable to employ *^ Simpipn's 
Rule" for finding the volume and moment of each of the slices 
similar to HZ ; but if the arc LL' were divided into eim equal portions 
instead of three, and the volumes and moments of each of these 
slices introduced into Mr Weddle's Rule, very little more labour 
would be required, and very accurate results obtained. 

Dynamical Stabiliiy. 

Art. 16. — When a vessel is inclined through any angle Dynamical 
by^a force acting parallel to the surface of the water, .the Stability, 
centre of gravity of the body and its centre of buoyancy 
will generally, as has already been stated, receive vertical 
displacements. If during the motion we use the same con- 
vention in regard to signs as is done in the determination 
of Virtual Velocities, our results will be attended with 
greater simplicity. That is, if the point of application of 
any force is moved in the same direction as thai in which 
this force acts, then the distance through which the point 
of application has been moved must be considered positive ; 
whereas, if the point. of application is moved in the opposite 
direction to that in which tite force actSj the distance this 
point has been moved during the motion must be considered 
negative. 

Let A and 2 be the absolute vertical displacements of the centre 
of gravity of the vessel, and its centre of buoyancy respectively, 
after the ship has been heeled through a given angle, then 



1 For a large class of ships rolling through moderately small angles, the method indicated in this work will be found sufficiently 
correct, and will save an intmense amount of labour, even if we adopt Mr Barnes's metliod. 
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Stability ^ ^^ ^ ^^^ work done on the veitel dae to its weight, the opper 
of Floating *^S^ being taken when the centre of gravity deteendt, and the lower 

Bodiee. ^^S^ when the centre of gravity «t»eend9* 
v^- -^y Likewise, db W^ is the work done by the upward pressure of the 
- ^ ~ water, the upper sign being taken when the centre of buoyancy, 
iueendM, and the lower sign when it desctndt, Ck)nsequently, the 
total work done in heeling the vessel through the given angle, 
= W (± A db Q, 

the signs depending upon the directions of the motions of the centre 
of gravity and the centre of buoyancy. 

Make the same construction as in fig. 7, and draw OX and O^T 
perpendicular to/Z, meeting VL' in x and y respectively ; through 
Q'i draw G'^Z, parallel to F'L', intersecting TG'^, produced In Z. 
Here it is easily seen, that while W, the weight of the water 
displaced, has been moved through the distance G'^Rt the weight 
of that portion of the water emerged has been moved through a 
distance 

9tP\^0i'l\ i>> the same direction.* Taking moments, 
G'rfR . W = or (g,p^ + g,^^) = wa, (if s = g^Pi +y,^j) . (1.) 
Then, in the case in which GO is greater than Qm, we have 
GO-G« =GO-.(GX-Xz) 

=GO~GO cos ^+X« 
If GO be less than Gx, then 

G»~GO = GO cos ^-GO— X« 

Hence ife (GO vers ^+X«) (2.) 

is the vertical distance through which the centre of gravity lias 
been moved. 

Also, when Q'dV is greater than G^O, 

O'rfU - GrfO = G^y + GrfZ - G^O 

= G'rfR + Grfy-X«-GrfO 
= G'rfR + GrfO cos ^-GO-X« 
r=G'rfR-G vers^-Xa 
And when G'^IT is less than G^O 

GdO - G'rfU = GrfO vers ^ + X« - G'^B 



I G'rfR-(GO vers^ + X*) | 



. . (3.) 

is the vertical distance through which the centre of* buoynney has 
been moved. 

Hence the total work done on the vessel is, where XJ4 represents 
the dynamical stability, 

Urf=W r * (GO vers. ^+X*) ^ | G'rfR-(GrfO vers. p+Xx) \ j 

Suppose the centre of gravity of the vessel to ascend, and the 
centre of buoyancy to descend, then 

Urf=W (GGrf vers ^-G'^R) 
by taking the sign + in the first and — in the second member of 
the right-hand side, and if we take the contrary signa 
Urf=W (G'rfR-GGrfvers^) 

= W I (g.Pi-¥giqO^ - GGrf vers f | 

su^^-W.GGtfvers^ (U.) 

Relation We may readily obtain a relation between the dynamical and 

between ttatieal stability, for by Equa. 1, Art. 14, the statical stability 
the itatical u. = W.GG' = (Pi^i-w - GGrf.W sin. p) 

anddyna- PigyW-V, 

micai sta- •• GGg = }^\.^^ 

^* And if we employ Equa. 6, and write this value of GQ4 therein 

U^^nff (Pi^t w--U.)(l-co8 p) 
" sin p 

= zw-p^qjw tan -|- + U, Un i 

Urf- (J«tan -|- = «w~p,g,«e tan -|- . . . (6.) 

Canon Moseley, in his paper on Dynamical Stability, gives 

U. v=-WGGrfVer8. ^ + w» 
kP*i) 
•s the vessers stability in regard to rolling or pitching. He takes 
a prismatic element of the emerged volume, the base of which 
ssdxdy co» Pj and height = y sin ^; then w-g^Pi, in respect to 

the element just mentioned, = -^y* sin' p cob p dx dy, and in re« 

to the whole space represented by the sections E'PQ and 
PQ',by 



gard 
I'PC 



i ^ sin* f cos ^ /y* dx dy 



/v 



Time of 
performing 
an Oscilla- 
tion. 



= } ^ sin* ^ cos ^ I 
Where I represents the moment of inertia of the inclined load* ^^"V^^ 
water plane, about an axis through P, and inclined at the anglee 

ff and -^ — ip to the principal axes of that plane, where « denotes 

the inclination of line through P (in which the planes FL and 
P'L' intersects), to that line about which the plane P'L' is sym- 
metrical. If A = the perpendicular distance of the line through 
P from the centre of gravity of the plane F'L', and A and B de- 
note the moments of inertia of the same plane about its principal 
axes. A' = area of this plane, and ^ the value of wz in reeard to 
the spaces F(iP', L'Q'L * 

tvjr = -^ I sin* ^ cos ^ + ^ 

Where I = A cos« e + B sin« e + A'A* 

.-. U(^, e) = * W.GGrf vers f + ^ (A cos* e + B sin" e + A' A») 

. sin* ^ cos ^ + ^ (7.) 

the minus sign being taken when GO is greater than G^. 

Time of Performing an Otcillaiiotu 

Art. 17. — There is much tlifficulty attending the investi- Time of 
gation of the times of rolling and pitching of vessels through rolling or 
large angles, inasmuch as the axif about which the motion P^"***^Jf' 
takes place is instantaneous. This axis can, however, be de- 
termined at any instant, providing the direction in which the 
ship is rolling or pitching be given} All methods hitherto 
given are incomplete, yet all tend to show, that no matter 
what may be the amplitudes (the angles through which 
the vessel revolves, providing the position of the ballast, 
cargo, and other weights retain their original positions), the 
time of performing a complete oscillation, in smooth waters, 
is the same. 

Writers on Hydrostatics, in investigating the time of an 
oscillation, have usually considered &e pkne of flotation 
as constant throughout the motion. The Rev. Canon 
Moseley, in his paper already quoted, endeavoured to obtain 
new results for the time of peiibrming an oscillation, as well 
as for the dynamical stability of the vessel. Notwithstand- 
ing that several corrections have been made in the paper, 
as published in his second edition of The Mechanical Prin- 
ciples of Engineering and Architecture^ the resulte are 
still open to the same objection, since they are made to 
depend upon the moment of inertia of the plane offlotation^ 




which is itself a variable quantity thtcn^ia^ 
It would seem that the Calculus o( Vmnatmm m 
vantageously applied to the quettioo^ or* fli fll^ 4 
Moseley's paper might be made 
were to calculate the amount of^ 
the plane of flotation constant 




I The centre of gravity of displacement is frequently called the centre of buoyancy. 
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ffimple 
pendulom. 



Art. 18.— a? we shal! have to refer to the motion of a 
simple pendulum, we shall here lay before the reader the me- 
thod by which the time of a complete oscillation is obtained. 

In the case of a simple pendulum oscillating in vacuOj 
we imagine a heavy particle suspended from a fixed point 
by means of an inextensible string without weight. 

Let O (fig. 11) be the lowest position of the particle, OM ver- 
ticel, G' the initial position of the particle from which it sets oat 
with the velocity v^, G^ its position after any time t, MG == I, 
< GMG' = «, < GMG^ = ^, arc G'Q''=i «. Then the tangential 

component of the accelerating force is expressed by — , , both in 

regard to magnitade and sign, the sign + referHng to the c^se 
where a increases, and — to the case where § decreases. 

Now, . = »(.-f) ,-. J-=-'g. •»<» S=-'S?' •""' *^*^ 
gentlal oomponent of the weight beiDf; g sin f, we have 



.^ 



, and integrate 



Multiply by 2 ^ 

But when ^ = «, —^57= 



C = !^-^co.«. 



And 



<2t=- 



r«2o + 2y/(cos^-cos«) 
r, if we suppose the initial velocity zero, 

^ 2yycos^-cos« 



9^ 



sin^l-iin'X 



•COS^rzl-1 



Sin J' 
2 



— r7=k — -^ » when the angles a, and ^ are very 



small. 



'^--"Jkh^ 



=^/ 



lco."?^+C, 
0=0 



Time of ot- 
eillation of 
a simple 
pendulum. 



when, t = 0, ^ = •, . 

and, « = fV^» 

which gives the time for a semi-oscillation. 



(T.) 



Though the amplitudes have been here considered small, it is not 
absolutely necesssry to make this assumption, as the integral may 
be found approximately for given values of ^, from tables inserted 
in Legendre's Traiti det FoneUona Elliptigues $ the result of the 
integration in a series is — 



But, 






Hence we perceive that the terms which enter into t are the squares 
of the latter terms, and we can thus conclude that the expression 
for t is a convergent series. 

Rtmarh. — The only Tantochronous curve, or the curve in which 
the times are aU equal, whatever may be the amplitudes, gravity 
only acting, is the cycloid, whose equation from the lowest point is 

a 
Compound Pendulum, — When a rigid body oscillates 
about a fixed horizontal axis, not passing through the centre 
of gravity, the time of an oscillation is determined as fol- 
lows : 



Let C A D (fig. 12>1ita a Mction oftbabody made by the plane of trime of 

performing 

anOMdUa- 

tion. 




the paper, which Is supposed to pass through the centre of gravity 
G, and intersecting the axes of rotation at right angles on A. Let 
P be the projection of any particle on this section. Ax vertical, AG 
= *, AP = r, <GA« = f. PA*=f', then, by well known prin- 
ciples, 

d^^ moment of forc(gs 

dt* moment of inertia 

If Mifc^ be the moment of inertia about an axis through G, and 
parallel to the given one, then M{h^+lfl) (Art. 6, prop. 1.) is the 
moment of inertia of the body about the axis through A, and the 
moment of the forces about the axis s Wh sin ^ = high sin f ; 

Multiply by 2 ^ , and integrate 

... (ify=¥«.».o, 

<f« ^ 2a 

and if ^= 0,when^ = «, .•. C = - -pcos «. 

dt * 



...g = v/*f(co.,-co..)VT( 



2 sin- 



V 



2«..±) 



=a/ yC.'-f'), when a and ^ are small. 



■a«+P 



(I.) 



Time of ofl 
cillation o 
a com- 
pound pen 

Whence we conclude that the oscillations of such a body are per- dulnm. 

formed in the same manner as if the body were a material partida, 

and oscillating at a distance, / = • ' 



••• ''=*^-J. *v^=V^= V^ 



- from the axis. 



h'^ + k* 
Now, if AG = — T — , then A is the centre of nurpefmon, and O 

the centre of oscillation. 

If L = length of the simple iioehronous pendulum, — that is, the 
simple pendulum which oscillates in the same time,— 

then, L = — ^^^ — = , — r + ^-* 



OG 



l-h 
/A -AS 



l-k 



+i-A = /; 



whence we conclude that the centres of suspension and oscillation 
are r^iprocalf — that is, if the body be conceived to oscillate about 
an axis through 0, and parallel to the former axis, then A becomes 
the centre of oscillation. 

The following manner of obtaining the time of an oscillation of Dr Wool- 
a vessel in rolling is due to the Rev. Dr Woolley, and will be the ley's me- 
most intelligible to the practical man ; and if the times of rolling thod of 
through different amplitudes be nearly isochronous, as Dr Woolley finding tbi 
states, the result is exceedingly simple : — «• = 314159, &c. time uf rol 

" Suppose GG' to be an arc described by the centre of gravity, ling, 
corresponding to the half-angle through which the vessel rolls, and 
let M, M', be the limits within which the normals to the curve cut, 
G M, the former corresponding to the upright position of the ves- 
sel, G the centre of gravity of the vessel, then the time of rolling, 
supposing M to be fixed during the motion, is too great ; and if M' 
were the point of suspension, the time would be too small ; but 
taking intermediate points, and calculating the time for each, sup- 
posed fixed, let T be the true time^ ft|, m^ m^ Ac, the errors, t|, tp 
I,, *c., the calculated times, then— 
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Canon 

Mnteley^g 

method. 



W{i»+(H,-R)».in»f}(jy 



where H| represents the depth of the centre of gravity in a Ter- 
tical position of the ship. 

And from the principle of Vis viva, 

W(Hi - H^ (cos f -cos f i)+ 1. A (cos V-008 Vi) = W{A«+ 

(H,.R).sinV}(jy 

Where Hj is the depth of the centre of buoyancy when the ship 
is in an upright position, 

COS^ + COSf,)(cOSf -con^i) 

If cos ^ + cos ^1 = 2, or ^ and Pi be small, 









(H,>K)sin»» 



H,)+|^(cosf-cosf,) 



-df 



tifi) '' 




n " n 

Vi^ift sinee tome of these errors are negative and some positlTe, 
we may make Uiis result as small as we please, by taking n suffl* 
oiently great. 

.•. T = ^*-i-J — *-^- , very nearly. 

When the distance between M and M' is very small, as Is the 
ease in most vessels for a moderate amplitude, then the question is 
reduced to the case of a simple pendulum, the length of which is 
6M. Therefore K being the radius of gyration of the ship round 
a longitudinal axis through iu centre of gravity. 

T = -^ (I.) 

K is obtained by multiplying each of the elementary weights df 
the vessel by the square of its distance from the horixontal axis 
through the centre of gravity, and extending the summation 
throughout <Jie whole ship. Divide this result by the total weight 
of the ship when ready for sea, and extract the square root of the 
quotient, which fives K. 

We see from (I.), that the time of a natural oscillation Tarieft 
directly as the radius of gyration, and inversely as the square root 
of the distance between the centre of gravity of the vessel and 
its metacentre. Hence, by increasing K, which may be done by 
moving the weights on board further from the axis about which 
the ship revolves, the time of oscillation is increased ; also K re- 
maining constant, if GM be diminished, T is also increased, and 

vies MTtd. 

Dr Woolley here supposes the centre of suspension to move in a 
straight line, but a more accurate way of considering the question 
is as follows : — 

Suppose the metacentric e volute to be found, and the curve de- 
scribed by the centre of gravity is known, we have then to calculate 
the time of an oscillation of a simple pendulum, whose centre of 
gravity moves on the metacentric evolute the length of the Inexten- 
sible thread, which has a material particle at its other extremity, 
varying between given limits. 

The general solution of this question is attended with great diffl- 
culties ; but, in particular cases, the time of an oscillation may be 
accurately obtained. 

The following is a very similar question, except as far as the re- 
action of the curve and string is concerned : — 

An inextensible flexible thread, of given length, and without 
weight, is fixed at a given point on the arc of a given curve, which 
lies in a vertical plane, and to the other extremity is attached a 
heavy particle ; find the time of an oscillation, the particles being 
acted on by gravity only. 

The following is the method given by the Rev. Canon Hoseley 
to find the time of an oscillation when the body is rolling. Let D 
(fig. 7) be the projection of the axes about which the ship is roll- 
ing, and O' the centre of curvature of the surface traced out by the 
planes of flotation at the point where the plane F' 1/ touches this 
surface. Assume R =s this radius of curvature, then since the axis 
about which the ship is rolling is perpendicular to the plane of the 
paper, its moment of inertia is 
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and if R be supposed constant between the limits -f, and fj, we gal 

t - ""^ / 1 4(H,-R)«+*« , «f, ) 

And since sin ^l^ is small. 




«w= 



and the oscillations are nearly tantochronous. 

Throughout these investigations, ^ =: weight of cubic unit of watiMP, 

But Hi =$00, arid H, = 0^0, also i^ = G^M by form (III). 
Theorem VIII. p. 155 ; 



.•.<fl) = 



V(G0-Gd0 + G<|M)^ VCGrfM - G,^)g Vj^.GM ' 



which agrees exactly with the result obtained by Dr Woolley; and 
since I is independent of the angle, we are thus led to the tanto- 
chronism of the oscillations which he has assumed. 

Mr Froude, in his very valuable paper, asso^es for the timo of a ^I** 
ship'a rolling in still water the equation, Froude^ 

^ rneCbod* 

(that is to say, he supposes for a given Tessel the oscillations are 
isochronous); when T represents the time ; ^ the moment of inertia 
of the vessel about an axis passing through the centre of gravity ; 
M the mass; and g the accelerating force of gravity. 

Now all experiments tend to show that this equation nearly 
agrees with observed results, but It ought to be observed that the 
vessel really rolls about on an instantaneous axis, — as has been ob- 
served by Canon Moseley in his paper already alluded to ; and 
hence the value of \ on this latter hypothesis leads to almost in- 
superable diiBculties in its calculation. 

Mr Froude next takes into acc6unt the action of the waves on the 
vessel, and obsorves that " the curve of sines" rej^resents approxi- 
mately the vertical section of large and uniformly recurring waves, 
tliough he thinks that some cydoidal or trochoidal surfaces would 
be nearer the truth. Adopting Mr Froude's liotation, he finds, — 
" H = height of wave, L =t iU length from bottom to crest, T' = 
period of wave, or the time occupied by it in traversing the space 
L ; then at any intermediate pek>iod <, the generating point will have 

traversed an arc /, the value of which is =7-. Calling the space 

traversed by the wave, and the height to which it has risen In the 
time, t, J, and A respectively, we have 

Z = L^.and-=^ 



. H /^_ irc\ . rfA H«- , I 

A=-(^l-cos7pj.and-=5^,sln.^ 



dA__«- 

dl 
to the horison. 



H . itt 



when --7 = tan /, ^^ beini; the slope of the waTe, or its inclination 

T' wt 

This is 4 maximum when t=i-^, and sin =7- = 1 ; 
•• H « 1 

hence, - . ^ is the steepest slope of the wave which occurs at the 

middle height, and the middle distance of the ascending or deeoend- 
ing side." 

** In proceeding iVom the case of the ship oscillating in still 
water, to that of the ship oscillating in undulating water, it is 
heoessary to remind the reader that it has been shown that the 
momentary effort of the ship is to place her masts at right angles 
io the surface of the wave when she floats ; and that for a given 
ship, occupying at any moment an angle of inclination differing 
JTrom this, the measure of the effort is the same as that by which 
she would endeavour to assume a vertical position, if occupying 
for the moment, in still water, an inclined one, with an angle equal 
to the difference. Hence, If / be the inclination of the wave- 
surface, just as the effort of stability in still water was resolved 

into the expression ^r-j =— mj ^» ><> ^^ follows that an undulating 

wave is exnresaed by the equation -4 = - ^ (^— ^,S which will 



► f 



r 
I 

I 
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Time of Mfttine a fonn more suitable for integration if I' be eliminated in 
performing terms of <» so as to express the changes of inclination of the wave- 
an Ofdlla- sorfkoe ; and the elimination could be performed rigorously, if the 
atlon. trne equation of an oscillating wave were certainly luiown."^ 

Assuming tan ^^ = /. as is done by Mr Froude, the equation 
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Again, let / = «, when t = o,- .•. G (3) « = C. 

Hence / = j^^;p "In** + ( ---(^TITp) J ■^"» ** + •«» ***• 



Time of 

performing 

an OscjlU- 

atlon. 






Or writing it as is dona by Mr Froude,-' 



d? 



+ n>/-Bsinftt = 



(1.) 



(2.) 



Butn=^B=j.jj 



H •» 



^ and & =*^,; 



n^^I^ ^ h 






n T' 



Or, # = 



sin ikt + G sin n< 4- C cos ni 



(3.) 



Ue goes a loog way round to integrate this well^nown equation. 
Wf haYf » 

B 

the last two terms being the complementary functions due to the 

operaUng flwjtor | (£\ " + »' [ * (See Qrtgory'i EaampUt 

on tht Diff'trmHdl amd ha$gral Calculuf^ p. 296.) 

Or equation (2) may be integrated thus : — DifferenUating twice in 

regard to l, and eliminating sin H, we obtain 

^ +{•* + *»)■§ +«»**' = (4.) 

assuming / = Ci ' and writing in equation (4), we get as the sub- 
sidiary equation 

The rooU of which are m = idb hj~^l and ^ mj—l. Writing 
theee Talues in#=ei"*^ and reducing by well known forms, we 

# = Cj (cos *« + Bi) + C, (coe i»t + B^ (See Boohi's Dif. 
JSquati^m, p. 306), when C, C, B, B, are constants, two of which 
are independent. Returning to equation (3) to determine C and 
C we hate on differentiating, 

di BJb 

— iCoeto + Cucoem — Cnsinirt. 



H 



•-.•E-i7^(..a^-J.U.^) + ^.n^., 



' ip% 



CD.^ 



Let 



di 

^r=U,whent = o;. 



.U= 



BJb 



+ Cii; 



Mr Froude then goes on to observe, " Now, in discussing the 
simple oscillations of a ship in still water, in the earlier part of the 
paper, we found that if U be her angular velocity, and « her angle 
of poeition, when t^o, 

#= — sin— +«ooe^ 

And if the expression be compared with the two final terms in 
the preceding equation, which expresses the value of i for a ship 
rolling in waves, it will be seen to be identical with the two final 
terms of the latter. And, on the other hand, if the constants U and 
« vanish, — that is to say, if we assume that the ship was stotionary 
and upright when the waves reached her, — she will undergo a seriee 
of Biptements defined by the expression 

l*T^2V T' T' T/ 

Which series, though its results have to be combined with those of 
the series expressing the ship's proper oscillations due to a previ- 
ously existing velocity and position, when such are assumed to 
have existed, maintains, nevertheless, its independent vitality and 
integrity ; each series, in fact, thus retaining its complete indivi- 
duality, in a manner analogous to what may be observed to happen 
when independent sets of wave oecillations in the water surface in- 
tersect or overtake each other. 

It would be impossible to enter more fully into the whole of Mr 
Fronde's theory, which is certainly one of the most original and 
valuable that has been propounded in the present day. We 
therefore recommend the careful perusal of the pi^>er in question 
to those who desire to obtain further information on this matter. 



Table l.-^CaUmlaHtm of the DispUteement cfa Yacki mmOar to the Tiianta. (See Plate V.) 

MAIN BODT. SMALL POBTIOX AT THE BOW. 
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Hoiisootal Anas molti> Fone- 
pll«lbjO,l,2,t,&e. Uona. 

621-744 X = OOO-OOO 

485-828 X 1 = 486-828 

250-519 X 2 = 501-308 

96-875 X 3 = 290-625 

61-418x4 = 245-672 



000-000 Istfanction. 

245 672 Iftst do. 

245*672 sum of let and Uat. 



2d function. 

4th do. 

f am of even fknotions. 



485-828 

290;626 

776-453 

4 

3105-812 four times even do. 
1002-076 two do. odd do. 

245-672 first and last 
4353-560 

4=s (common interval;'. 



501*038 3d function. 
2 



1002-076 twice ocM do. 



Vertical Areaa 
multiplied by 

3-46 X 

9-30 X 
13-86 X 
24*60 X 
31-60 X 
37-86 X 
41*06 X 
46-63 X 
46-63 X 
44-90 X 



Fnoe- 
tlons. 

r= -000\ 

1 = 9 300 

2 = 27-732 

3 = 73 800 

4 =: 126-640 

5 = 189-300 

6 = 246-360 

7 = 3-26-410 

8 =373040 

9 = 404-100 
40-06 X 10 = 400-600 
34*40x11 =378-400 
19 60x12 =235-200 

713x13 = 92-690 
86 X 14 = 12 040 



Displacement of main 3) 17414-240 
body = 2343*4) 5804-746 (2-47 

Calculating the centres of gravity of the small portions at the bow, stern, and near the keel in the same way, we obtain 

Uorixontal distance of main body from the section marlsed No. 24 
at the bow = 42 feet. 

Horisontal distance of portion at the stem, includ- 
ing rudder, port, ftc = 85 „ 

Horixontal distance of portion at the boW, including 

iLnee, frc = — 3 „ 

Horixontal distance of portion above the keel, includ- 
ing keel = 60 „ 

Vertical distance of centre of gravity of main body below load- 
water section ^ 2 47 

Vertical distance of centre of gravity of portion at 
stem, including rudder, ftc...... = 5*00 

Vertical distance of centre of gravity of portion at 
bow, indading knee, &c = 300 

Vertical distance of celitre of gravity of portion above 
keel, including keel, ftc = 9*40 



These functions in- 
introduced into Rule 
VIII. art. 5, page 
35, bearing in mind 
that the conihion in- 
terval is 5*8125 and 
\ volume of water 
displaced = 2343*3 
gives 42 feet nearly 
for the disUnce of 
the centre of gravity 
of the displacements 
of the main body 
from the first vertical 
section, marked No. 
24, at the bow. 



2343-3 X 42 + 20*464 X 85 + 100 x 60 ^ 19 45 x 3 _ . « 7 ^ 

2483214 - *^ " "• — 

Distance of centre of gravity of displacement from first section 
at bow. • . 



2343 X 2-47+20 464 x 5+100 x 9*44- 19*45 x 3 _ 



2483*214 



= 2*7 feet = 



Vertical distance of centre of gravity of displacement below the 
load-water section. 









Table III. — Calculations necessary 


to determine the Point P (See Fig. 7.) 
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54 Table IV.^Caleulaium qfihe Meiaeenire when ike Vessel is m an Djpriahi Position^ also when the Vessel 

f2(f. 
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CaleoUdon 
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tacentre. 



The cnbeo of the ordtnAtet given in the first of these tables in- 
trodaced into Simpson's rale, gives 44800 81 ; this result molU- 
plied by }, and dirided bj 2483-2, or half the displacement, gives 
12 3 feet nearly for the distance between the metacentre and centre 
of buoyancy. (8ee Role XIV. p. 45.) 

It has been more convenient to uke the ordinatet at 3-3 feet 
apart in the oecood and third of these tables. 

The cubes of the ordinates in Table II. introduced into Role I. 
p. 30. gives 28829-58. 

The cubes of the ordinates in Table III. introduced into the i 
rule gives 27316-95. 



28829 58 + 27316-95 =s 56146-53 = the moment of inertU of 
the inclined plane of flotation. 



„ 2 X 56146 53 2 x 56146-53 ^ ,« ^ . ^ ^ 

^•"^' 8x4diBplacement = 3x4966-4:^ = 7-53, height of meta- 

centre above the centre of buoyancy when the ship has been inclined 
through an angle of 20*. The latter centre must be calculated in 
the Mroe way as was done in Table II. ; whence the position of the 
metacentre in the inclined state of the veosel becomes completely 
determined. 



Table V. — Calculation <fthe Volume (^Immersion when the Ship is inelined through an angle ofTXf 
Nat. Sin 20*^ = '342 - Ordinates at S'Sfeet aparL 
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Ohservaiions on the preceding Tablet, 

It ought to be remarked, that in the foregoing tables 
extreme accuracy has not been aimed at, either in taking off 
the hnes of the yacht, or the muhiplications, &c.: the results 
are offered to the practical man, merely as illustrations of 
the rules already given. No remarks are needed on tables 




1. and II., except that in the latter, the centres of gravity 
of displacement of the small portions near the bow, stern. 



and keel, have been assumed instead of calculated ; but it 
will be found that the distances given therein are very 
nearly correct. Table III. determines the position of the 
point P [vide Art. 12, p. 46). The reader will under- 
stand how the necessary data are obtained from the obser- 
vations appended to Table V. 

Having determined P, set off a distance OP'ssOP {vide 
fig. 7), and through the poinU P and P' draw the lines on 
and on' respectively, making angles of 2(fi with the line 
FL., then referring to Table V. 

The first column is obtained by measuring, on the 
same scale, the ordinates Pa, P)3, Py, &c. up to PL, and 
then by measuring PT, P'^, P'o, Fir, up to P'a. 

Column (2) is obtained by measuring the ordinates Pa, 
t^, Pc, &C., up to P», and then Fo, P>, &c, up to V'z. 

Column (3) is got by measuring tiie right lines aa, fib, 
cy, &c., up to itL, and then FO, ^, &c. 

Column (4) is obtained by measuring the perpendicular 
heights of the small parabolic segments, aa, bp^ &c 

Column (5) is got by bisecting the right line joininjr Ln, 
joining the point of bisection to P, and measuring; all the 
bisectors of the triangles Pao, P6^, and by taking two- 
thirds of these results from stern to stern, as was done in 
columns (3), (4), since the centre of gravity of a triangle 
lies in the bisector of a side at a distance of two-thirds of 
the length of the bisector from the vertex. 

In column (6), it has been assumed that the centres of 
gravity of the parabolic and triangular areas lie in the same 
right lines, namely, the bisector of the bases of the triangles 
(produced for the parabolae). This supposition will be very 
near the truth. If, then, we add the length of each bisec- 
tor to two-fifths of the height of each corresponding parn* 
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Observa. bola, we obtain the results contained in this column. The 

tions OD centre of gravity of a parabola, it ought to be observed, is 

th« preeed- At three-fiflhs of the length of the axis from the vertex, 

ing Tablef. ^^^^ consequently, at two-fifths of the length of the axis 

"^^^v^ from the point where the double ordinate cuts the axis. 

Column (7) is obtained by taking the product of the cor- 
responding horizontal numbers, given in columns (1) and 
(2), and multiplying the result by | the natural sine of 20^ = 

•342 

— ^ s="171. Because the area of a triangle =^ the pro- 
duct of any two sides, multiplied by the natural sine of the 
included angle. 

Column (8) is got by multiplying together the corre- 
sponding numbers in the horizontal rows of columns (3) 
and (4), and then taking two-thirds of the products, since 
the area of a parabola = two-thirds of the circumscribed 
rectangle. 

Column (9) is obtained by adding together the corre- 
sponding areas in columns (7) and (8). These areas are 
introduced into Rule I. for the volume. 

The results in column (10) are obtained by multiplying 
the results of column (9), by the numbers 0, 1, 2, 3, 4, &c., 
and these numbers are introduced into Rule YIII., in 
order to obtain 40*1 feet for the distance of the centre of 
gravity of the immersed wedge-like portion from the first 
section at the bow. 

The results of column (11) are the areas of the triangles 
multiplied by the distances of their respective centres of 
gravity from the axis passing through P. 

The results of column (12) are the moments of the para* 
bolic areas about the same axis. 

The results of column (13) are obtained by adding to- 
gether those of columns (11) and (12), that is, iit| ar^ 4- mjA;, 
where nil, iHj represent the areas of the triangle and para- 
bola respectively, and a;^ x^ the distances of their centres 
of gravity from the axis. 

The results given in column (14) are obtained from the 

formula ^= -^—^ *— ^, where iWj, m, represent the areas 

wij + m, 

of the triangle and parabola respectively, and ^^ X2 the re- 
spective distances of their centres of gravity from the axis, 
and X the distanop of the centre of gravity of the whole 
area from the same axis. 

The results given in column (15) furnish us with the 
distance of the centre of gravity of each mixtilinear area 
measured along the inclined plane of flotation Pa. 

Column 1(16) gives us the moment of each of these areas 
in regard to the same plane of flotation, and these results 
introduced into Rule (I.), and divided by the wedge of im- 
mersion, gives 5*15 feet, the distance of the centre of 
gravity of the whole volume of the wedge of immersion 
measured fh>m the axis along the inclined plane of flota- 
tion Pit, that is the distance p^ q^. 

In Table VI. the same methods are pursued as in Table 
(V.), the ordinates Pa', P^, &c.; PV, V'p\ &c., being taken. 

The reader will readily perceive how the work in co- 
lumns (15) and (16) may be curtailed, since each horizon- 
tal row is multiplied by the common factor *9484. He will 
now have no difficulty in calculating the dynamical stability 
of the vessel when inclined through the same angle. The 
results of such calculations are too laborious and lengthy to 
introduce into the present work after what has already 
been given. 

Adding the results given at the bottom of Tables (V.) 
and (VI.) 

Column (16) we obtain p, ^,e= 10*18 feet 

We have next to ascertain the exact position of G, the 
centre of gravity of the ship, as she floats at the load- water 



line, for in the present case all our calculations have been ObMrra- 
based on this assumption. tioos od 

** The position of the vessel's centre of gravity G de- **»• preced- 
pends partly on the construction and partly upon the dis- ^^gJ^Wet. 
tribution of the lading and ballast, which circumstances ^^*v*^^ 
therefore determine the distance GGd, or the distance be- 
tween the centre of gravity of the vessel and that of the 
displaced volume." ^ 

The centre of gravity may be found by the method 
enumerated in Art. (4); but as the centre of gravity 
ought to lie in or a little below the load-water section, we 
shall assume it to be one foot below that section. Then, 
since 



MG4= 12*3 feet, vide Table IV. 
and OG = 27 „ „ Table II. 

.*. MO = 9-6 „ and MGt= 9-6+ 1 = 10-6 feet 
andGG4= 2-7- 1 = 1*7 feet 

It will readily be seen, from these results, that equaROns 
(I.), {II.), (III.)} Art 11, are satisfied, and hence the ves- 
sel is in a stable position of equilibrium afler she has been 
inclined through an angle of 20°. 

Atwood, in the paper just quoted, takes GG'as the mea- 
sure of stability ; hence, by Equation (I.), Art 4, — 



Statieal 
tUbUity 
fooncL 



QQ'^ PiqiW^GGd'^ sin <^ 



W 



10*18 X 17-6 



142 



- 1*7 X *342, where 17*6 



tons is taken for w, — that is, the mean value of the weight 
of the volumes of water emerged and immersed, 

• .*. GG' =1*2638 * *5814 = *6S24 feet 

If we multiply this result by the weight of the vessel, we 
obtain the moment of the vessel's stability. 

Atwood states that, in some vessels built in his time, the 
distance between the points G and G<fB J^th of the greatest 
breadth at the load-water line.' 

The determination of the stability herein given refers 
to the rolling motion only of the vessel, though, generally 
speaking, when a vessel is in a sea-way, there will be both 
a pitching and rolling motion. 

" The force, or measure of stability here given, is en- 
Urely independent of the water's resistance, which co- 
operates with the vessel's stability only while it is inclining, 
and wholly ceases as soon as the vessel has attained to the 
greatest inclination, at which it is supposed permanently to 
remain in a state of equilibrium ; the inclining force being 
exactly balanced by the force of stability."' 

The time of an oscillation may readily be obtained from Timeof rol- 
Equation (I.), Art 18. ling found. 

For T=-7^i= 
^ 3*1416 xi^ 



\/32*2xl0*6' 

when A may be calculated when the position of the weights 
on board are known, inasmuch as the axis about which the 
vessel is rolling is supposed to be known. 

Art. 19. — Naval architects employ a method for deline- 
ating the immersed portion of a ship by means of a curve 
of vertical sectional areas, as well as for determining the 
position of the centre of buoyancy, &c. The principles 
employed are those enunciated in Rules I., II., VIII., IX., 
&c., where the areas, moments, &C., are set off at their re- 
spective distances on the base-line, — that is, the load- water 



1 Atwood*f « Disquisition on the SUbility of Ships/' Phil, Trans, of 1798. 
« Ibid., p. 296. » Ibid., p. 305. 



Condu- Itne, divided by a consUnt quantity corresponding to the 
sions de- cicpth of the vohime of water displaced. 
dac«d from fi^yg ^^^ displacement is considered as divided longi- 
tudinally into two equal portions, which h equivalent to 
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dividing the base-line of the sectional areas into two equal 
portions. Thus, if FL (6g. 10) be the load-water line, 
which is bisected in A, F B L A F is taken to represent 
half the displacement. If we set off the vertical areas as 
ordinates at equal distances apart, the curve F B L, passing 
through their extremities, will be that of the curve of sec- 
tional areas, and the centre of buoyancy may be deter- 
mined by the usual methods. See Peake's Rudimentary 
Treatise on Shipbuilding ; London, John Weale. 



Conclusions deduced /rom Theory cqpplicable to Ship* 
Building, 

Before a naval architect lays down the lines of a ves- 
sel, he is aware of the purposes for which she is in- 
tended ; he knows the armament, cargo, Jbc, which it is 
intended she should carry. These being known,, as well as 
her weight at launching, since the specific gravity of the 
materials of which she is composed is known, the first re- 
quirement is to make the total weight and corresponding 
(iisplacement, when ready for sea, agree with the requirea 
draught of water. We know that the displacement de- 
pends on the product of the three dimensions, lengthy 
6readthf and depth ; the naval architect therefore proceeds 
to form a rough design, probably in comparison with some 
well-known ship of the same class, and he will then pro- 
ceed to adapt thb design, as far as practicable, to his own 
calculations, at least as far as is necessary. 

One of the first dimensions he ought to fix on is the 
length ; but g cat care is here required^ as one of the 
dimensions cannot be determined, without, to some extent, 
determining the others also, in order that the requisite sta- 
bility may i>c secured. When the length is too great, there 
i:» a grca: difficulty to be overcome in steering, owing to 
the effect of the winds and water on Uie bow, stem, and 
hull generally. 

If care is required in fixing the lengthy still greater cau- 
tion is required in fixing the breadth, inasmuch as, to a 
great extent, though not entirely, her stability during a 
rolling motion depends on this dimension. Dr Inman, in 
his notes appended to Chapman's Architectura Notfalis 
Mercatoria, pp. 273, 274, says that ** a straight of breadth, 
extending as far as possible fore and aft, and above and be- 
low the load-water line, is no doubt the most advantageous 
to the stability at any finite angles of heeling," and also 
that the vessel ought to be stiff at a small angle, and neither 
increase too rapidly nor too slowly in the resistance to 
heeling at larger angles. 

If the breadth is not sufficiently great, the weights on 
board could not be removed sufficiently &r from the axis 
|)assing through the centre of gravity, and, during a rolling 
motion, the time would thus be diminished, inasmuch as 
the moment of inertia of the vessel about tlie same axis 
would be diminished, other things remaining the same. 
(See Equation I., art. 1^.) In consequence of this uneasy 
rolling, it might become necessary in a heavy sea to cut 
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away the masts, kc^ in order to ease the ship, since thei^ 0«ieltt» 
times of oscillating would not synchronize with those of sions de- 
the vessel. On the other hand, when the weights aft4ttcedft|o« 
placed at a greater distance firom the axis of rotation, tht ^^^\ 
moment of inertia, and therefore the time, is, CtiHeris pari* *'-^ ▼"* 
6itf, increased* Generally speaking, the rolling under theit 
circumsunces will be easier than in the former <?ase, as tht 
times of oscillation of the masts, &c., will more ne^ty syn- 
chronise with those of the vessel. (See below.). 

Much, too, depends upon the draught of water of xesseil, Draaglii 
for a vessel with too grea^ a draught of water must necet> 
sarily meet with great resistance from the pressure pf tht 
water on the lower part of the bottom, especially on a wintli 
and she will therefore tack and wear with difficulty and un- 
certainty. A greater draught is generally given at the stern 
than at the bow, since $ finer run is thus obtained, and tht 
rudder becomes more deeply immersed in the water. Mort* 
over, in sailing-vessels, the effect of the wind on the sails will 

generally be to immerse the fore-body more deeply tham 
[le af\er-body, and thus to 0ounterbalance the increase^ 
draughtof water aft 

Having assumed a length, breadth, m^d driujght of watei^ 
the constructor must in the next place determine the pos^ 
tion and form of the greatest transverse or midship section* 
Every naval architect will adhere to his own opinions in 
regard to the position of thi^ section ; but as the vessel hat 
to cleave her way through the water, the position and form 
Qf this section, as well 98 the form of the fore and aflef 
bodifes, ought to be such as tt> transmit the displaced fluid 
with the greatest facility to the right* left, or to the stem. |fr 8«tf 
It was with this object in view that Mr &?ott Russell pro- Hawdl'b 
posed hii « Wave-Line Theory,*' by whith plan he endea- !! Jt^I* 
voured to throw each particle of water, as it d^e in tO)Dtact u^^^^, 
with the ikssel, just far enough to the right or lefl, so as to 
admit of the midship section of the vessel passing thfough 
without the same particles of water again <x>ming in conUct 
with her sides. A vessel ought to be so constructed, that 
when it is made to roll through small angles, all the centres 
of gravity of the planes of floution should lie in the midship 
section ; which section should also contain the centre of gra- 
vity of the ship, and that of the displaced fluid ; for, if thest 
conditions be not fulfilled, the vessel will not roll about an 
axis parallel to its length ; and then for every rolling motion 
there will alsb be a corresponding pitching motion/ 

As has already been remarked, the straining of a vessd 
depends upon the oscillations of the various portions of tht 
vessel synchronizing with each other, and upon the timet 
of rolling or pitching. Cttteris paribus^ the more slowly 
a vessel rolls, the less strain will there be on the mastoand 
timbers ; because in quick rolling the tiiasts, on accotmt of 
their inertia, are not put in motion at ^e same tipie as the 
ship ; and by the time the vessel begins to roll bn^ again 
the masts are still beipg carried forward, so that this cause 
will oflen account for the masts and yards being carried 
overboard in a heKvy storm. In order to make a vessel 
roll more slowly, the Weights ought to be removed to a 
greater distance from the axb about which she rolls-— by 
running up the yards, for insunce ; and the more quickly 
will she roll when the weights are brought nearer to the 
axis, as when the guns are run back in a heavy sea«' 

We see by Equation, Art. 18, that the time of rolling de- Uom of 
pends on the moment of inertia of the ship^ and the dis- lolUag • 
tance between the roetacentre and centre of gravity of the 
ship. This time varies directly as the fonqer, and in- 
versely as the square root of the latter. Four cases will 
thus present themselves when the same vessel is immersed 
to the same draught fore and aft : — 

(1.) '* The time of natural oscillation may be increased 
both by reason of the increase of K, Equation (L), p. 51, 



^ Set Moieley't Popir <m VrMmUal StabiUtf, 
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Concl«. and the raising of the weights of the ship. This can scarcely 

•ions de- be expected except in the case of a very broad vessel with 

dac«d froneompio^ively high masts and yards. 

^^''•*7* (2.) The time of a natural oscillation may be dimin- 

^"^^^^"^ ished by the diminution of K, and increased by raising 

the weights of the ship, and in that case there may result 

little or no change in the time. 

(3.) It may be increased by the increase of K^ and di- 
minished by the lowering of G, the centre of gravity. 
Here, again, there may be little or no change m the time 
of oscillation. 

(4.) It may be diminbhed both by the diminution of K, 
and by the lowering of the centre of gravity. 

A ship laden with a very heavy cargo— iron or copper, 
for instance — will roll more rapidly on both these accounts, 
if the iron or copper be placed in the hold near the kelson 
than if raised on a stage ; and if it be stowed near tlie 
sides of the ship, this circumstance will tend still further to 
make the vessel roll more slowly. 

If G is fixed, it b evident that G Gd will be smallest in 
those vesseb which are full about the water-line and lean 
below ; such ships must therefore, eaUris paribus^ be quick 
rollers. If G G«i be increased by bwering Gd — t. e^ hy 
making the vessel comparatively full below, and therefore 
of less depth — M G will be diminished, and the time of 
oscillation b increased. It b hence evident that the form 
of a vessel below the water-line must naturally afiect its 
rolling qualities."^ 

Canon Moseley remarks,' *' That form of vessel in 
which the surfaces subject to immersion and emersion, 
when intersected by planes perpendicular to the vessel's 
length, have circular sections^ naving their centres in a 
common axis, is, caterii paribus^ eminently a Uableform ; 
because, in a vessel of such a form, the centre of gravity of 
the portion of the dbplaced fluid which b included wiUiin 
the solid of revolution formed by all these circular sections, 
does not in the act of rolling rise, 

** If it be not practicable to give to the vessel, throughout 
its whole length, a form subject to these conditions, thb b 
practicable with regard to the midship section, which b the 
governing section.** 

On tl^ whole, as might have been expected, vesseb 
with paddles may be built of less breadth than those fitted 
with the screw, as the paddle- wheeb will tend to increase 
the stability when inclined through a finite angle. This 
remark ought, liowever, to be received with some caution. 

There cannot be a doubt that, as fiur as speed goes, the 
best form of vessel has not yet been obtained, though daily 
experience seems to show that naval architects are gra- 
dually advancing m thb respect To prove this we need 
onlv instance the performances of the new Dublin and 
Holyhead, and Dover and CaUis steam-packets, as well as 
the performances of other fine vessels, as given hereafter in 
thb article, and also in the article Stkam Ships. 

Some further remarks on these points will be found when 
treating of the forces acting on a ship in motion. 

The Farces which ad upon a Ship in motion^ as they in- 
fluence her general dimensions^farm^ and qualities. 

Totem The methods by which the displacement of a ship b 

affaeting a found, and those by which the positions of her centres of 
^^R^ gravity are determined, having been described, and the 
"'*^' principles on which her stability depends having been 

pointed out, it b novi proposed to consider the forces which 

affect her speed through the water. 
Iawi of It was at a very early period pointed out by mathema- 
'ticians, that the velocity with which water will run 'out 

tluroug^ a small orifice in the bottom of a vessel b the same 

as that which would be acquired by a body falling fix>m a 



height equal to the depth from the surface of the water to Foreen 
the orifice. The truth of thb has been at various times effecting • 
tested by many experiments, and has been confirmed by all ^*P "* 
that have been made. Euler, in hb work, Theorie Com- "^^^'^ 
pletie de ia Construction ties Vaisseaux^ took this as the ^^^^'^^^ 
basb of his investigations of the theory of the resistances Ke«ttaooe» 
which solid bodies moving in afluid have to overcome. A pas- " ^* 
sage in the English transltaion of his work is giventhus : — JJe velo^ 
" We know, both from theory and experience, that the water cities, by 
contained in a Tewe], whose height it = 4, will run oat through a theory, 
hole in the bottom with the tame velocity that a body falling from 
the tame height, A, would acqaire. And if the letter g denotes the 
height through which a body falls in one second, we also know 
the velocity will be such that it would run through a distance 
= 2^/g k in the same time. Since, therefore, this velocity is sup- 
posed =e, or 2\^^ = e, and, by Uking the square, 4yA = cZ. 

whence we have the height sought, A = --; consequently, the 

force of the resistance which a supposed plane surface =/ . ' will 
experience by moving in water, with the velocity e, will be 

= —. — ; and by this force the surface will be acted on, in a direc- 

*^ 
tion contrary to its motion. Hence, we see that this resistance b 
always proportioned to the square of the velocity, and also propor- 
tional to the area of the surface itself, so that by this means the 
resistance is perfectly determined." 

The truth of this fact may also be made apparent by ordi- byordinary 
nary reasoning. For if a body be moved in water with a reasoning, 
velocity of 1 foot per second, a column of water having the 
same area for its base as the direct surfiice or midship sec- 
tion of the body in motion will be moved out of the way, 
or impelled with a velocity of 1 foot per second, and the 
weight of thb quantity of water will be the measure of the 
resistance ; but if the body be moved with a velocity of 
2 feet per second, the column of water will not only be 
2 feet long, but each foot in length of fluid mu^t now be 
moved in half a second, as each particle is moved with 
double the former velocity. The measure of the resUtance 
therefore is first doubled on account of the doubled velo- 
city, and is again doubled or made fourfold, that is squared, 
on account of each particle, or the whole of the double 
quantity, having to be moved at this doubled velocity. 
The resistance, therefore, which with a velocity of 1 foot 
per second was= 1, will with a velocity of 2 feet be eqiud 
to 4, or the square of the velocity. In the same manner, if 
the velocity be increased from 1 foot to 4 feet per second, 
the amount of water to be displaced in one second will be 
four times the quantity ; and, again, each particle of water 
must be moved with four times the original velocity. The 
measure of the resistance in thb case, therefore, will be 
s 16, which again is the square of the velocity ; and thus 
it may be shown, that to whatever degree the velocity may 
be increased, the resbtance will always be increased in the 
ratio of the square of this velocity. 

In all these cases, as the columns of v^ater to be moved Resistances 
always have for their bases the same areas as the areas of indirectly 
the direct sur&ces of the moving bodies, so the resistances *" ^Wshlp 
which are res|>ectively represented by the weights of these '•*"^** 
columns of water will always be proportional to the areas 
of the surfaces, or midship sections of the bodies. 

If the resistance to the motion of a vessel through tlie Amount of 
water were not lessened and modified by her form, the de- resistance 
gree of it, by the foregoing considerations, would be ascer- *• ^"■*" 
tained by finding the weight of a column of water whose J?*****^ *'2^ 
base b equal to her midship section, and whose height is bodv* 
equal to that from which a body must fall to acquire the 
velocity at which she b propelled ; and the resistances of 
similar vessels, when moved with the same velocity, would 
be proportional to their midship sections. The direct 
resbtance, however, to any plane surface will be diminished 
by placing a triangular or other form of body before and 



^ From a paper by Dr WooUey. 
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Forces behind it. Many experiments have been made on the forms 

affecting: a to be added in this manner, with a view to discover the law 

^^P ^ of the diminution of tliis resistance, and thus to be able to 

""**'^°V approximate to the form of least resistance. All attempts 

"^^^^"^"^ to reconcile the theory of the resistances on plane surfaces, 

as established by experiments, with tliose on oblique surfaces 

presented to a fluid, have as yet failed. Bossut^ was the first 

to give the theoretical resolution of the resistances on the 

sides of a wedge-shaped body, which he did as follows. 

Jjet ADB (fig. 12.) be an isosceles triangle, moving in a fluid of 
infinite extent in tlie direction 
of its heiglit QD. The face AD 
it subject, according to theory, 
to a resistance in the direction 
F£ perpendicular to itself, such 
that in calling «* the perpen- 
dicular and direct resistance 
experienced by the half-base AQ. 
When moved with the same velo- 
city as the triangle, we have force 
pp . >l)xrMnADQ)a 

- ADxAQ » 
■"'^AQxAD* 

s= «• X —-.- ; and in a simi- 
lar manner we have, for the other 
force BD, force «=--x|§ j,^^^ 

~ '^ AD* *^«"ol^»ng «*ck of the two equal forces FB and /s 
into the two others, FH, FK and/A/Jb, the one perpendicular and 
the other parallel to the base AD of the triangle, it is evident thut 
the two forces equal and directly opposed to each other, FK and 
fk, destroy each other, and that the triangle is simply acted on in 

the direction QD by one force = FH + /A = 2 FH = 2 FE x ^ 

AQ» '' "^ AD 

Reristanees = 2 ••x ^^ Hence, if we call this force 2FU=zp, and call the 

surfacM^^ l»«rp«ndicular and direct force which acU upon the base AB, 
when moved with the same velocity as the triangle = P, we have 

P — ^^^iyi' Comparing thb formula with his experiments, 

Bossut found the following results in four instances of experiments 
with different models : — 




DifltinfnUbiiif 

No. of Model 

Experimented 

upon. 


Ancle of 
Ineidenee. 


Valneofp in Mares. 


Bj Experiment. 


By Theory. 


9 
10 
11 
12 


46» 

83» 41' 
26*» 34' 

21*' 49' 


1296 nearly. 

10-80 „ 
8-39 „ 
8-32 „ 


12 

7-38 nearly. 
4-80 
3*31 nearly. 



He then showed that this is found by experiment not to be 
true with respect to bodies with sharp enos moving in water. 
These dif- From the above it is seen that the results of theory differ 
far in further and further from tliose of experiment, the smaller 
S*nLa* ^^® angle of incidence, that is, the finer the angle of en- 
^ ^' trance of a ship, is made. Further experiments have been 
made with a view to discover the law of this branch of the 
theory of resistances, but as yet without any results such 
as will enable any calculation to be made to determine be- 
forehand, with any accuracy, the extent to which the resist- 
ance of a body of any given form will be diminished from 
that due to the base or midship section of the body. Even 
if a law were discovered for mffercnt angles of incidence, 
the difficulty of the investigation would still be great, when 
it is considered how constantly this angle varies on every 
portion of the fore- body of a ship. Every one conversant 
with the practice of naval architecture is well aware, that 
if a model of a vessel be made in wood, a very slight 
amount of paring away at the bows will make a very mate- 
rial alteration in the speed, while the alteration 'upon the 



angles of incidence would be so small as not to affect, in any Forces 
material degree, any calculations based upon them as a whole, effecting e 

Theory therefore fails, by any abstract calculations ®***P ^ 
founded on the angles of incidence, to give any rule by ^"^ ^\ 
which to ascertain the resistance of a vessel of any given ^ ^ 
form, and consequently to ascertain the velocity that she -^cc'^'^cy 
will obtain by the exertion of any given amount of ?^^^^^^^r^ 
to propel her; and the naval architect is thus driven to^* ^_^ 
ascertain these points by comparison with the results ob- mente on 
tained from vessels of known form and power. plane sor- 

It has already been shown, that the resistances, expe- feces, 
rienced by the same body when moved at different velo- 
cities, vary as the squares of the velocities, and that the 
resistances of vessels similar in form, but of different mag- 
nitudes, when moved at the same velocity, are proportional 
to the areas of their midship sections. Many experiments 
have been made to test the accordance or otherwise of 
these theoretical deductions with the actual results ob- 
tained in practice. M. Bossut reported, as the result of 
the experiments conducted for the Royal Academy of 
Sciences at Paris in the year 1776, that the resistances of 
the same surface, moved with different velocities through a 
fluid infinite in extent, follow nearly the proportion of the 
squares of the velocities, and also that the perpendicular 
and direct resistances of several plane surfaces, moved with 
the same velocity, are very nearly proportional to the areas 
of the surfaces ; and, consequently, that experiment and 
theory may be said to agree on these points. The experi- 
ments made in 1 796 and 1 798 in this country by the So- 
ciety for the Improvement of Naval Architecture, and con- 
ducted by Colonel Beaufoy, lead to the same conclusion. 
These latter experiments were made with bodies of va- On bodiea 
rious forms, and at velocities varying from 1 to 8 nautical of veriooe 
miles per hour. The relative proportion or degree in which forms, 
the resistances and velocities varied in bodies of different 
forms, differed comparatively slightly, being in some cases 
above the square or second power, and in other cases 
below it ; in one instance it reached as high as the power 
of 2-2061, and in another instance as low as 1*7914, but 
the average of the results obtained from these experiments 
may safely be taken as corroborative of the theory, and as 
evidence that it is sufficiently accurate for all practical pur- 
poses, and is applicable to vessels of the different forms 
used in practice by naval architects. 

Exception has been taken by some to the results of 
these experiments, because the bodies were entirely sub- 
merged ; but the reasons for so conducting them appear to 
be stronger than those for conducting a series of experi- 
ments on bodies only partially submerged, and then subject 
to other influences than the action of the water through 
which they are passing. Deductions based upon the grounds 
thus established, as furnishing correct data on the subject 
of resistances, are of great practical value to the naval archi- 
tect, though the actual or absolute resistances per stfaare 
foot of surface or of midship section remains unaetermined 
on account of the ever- varying forms given to the bodies 
of ships before and abaft the midship section. 

The direct resistances to which any body is subject while The reU- 
moving at different velocities have been shown to be as the tion of 
squares of the velocities ; that is, if R represent the resist- power to 
ance at one velocity called V, and r represent the resist- ^•**^^« 
ance at another velocity called v, then 

R : r : : V« : »a 
The power expended to overcome any resistance for any 
definite distance, or, what is tlie same thing, the amount of 
work done within any given time, may be represented by 
the product of the resistance overcome, multiplied into the 
velocity, or by the product of the weight representing the 
resistance, multiplied into the distance passed over by it 



1 youvrlles Exp&ienees twr la fletiutancs du Fluidti, Paris, 1777. 
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If R then be multiplied 1>y V and y by i?, the products will 
vffeetiDg a respectively represent the powers employed in eadi case* 

«>«P^ and RV=P whilst ^«p. 

■otton. Reverting to the formula— 

^ ^ ^ R:r::V»:^ 

it is evident that by multiplying both sides by the propor- 
tional V : V, we obtain 

RV : r« : : V» : •», 
and by equality of ratios, and the substitution of the above 
equals P:p::V:^. 

In calculations respecting the speed of vessels, the power 
taken is generally the indicated horse-power, or the gross 
power exerted in the cylinders ; and to denote this, I HP 
is generally used instead of P. This will make the formuU 
stand thus :<— 

IHP : ap : : Ar» : V. 

From this it will be seen that .the horse-powers vary as 
the cubes of the velocities, or the velocities vary as the 
cube roots of the powers required to produce them. If 
the velocity, therefore, of any vessel with any giveh amount 
of horse- power is known, the Velocity she will attain with 
any other amount of power, or any other velocity being 
assumed, the power necessary to drive her at that velocity 
may be computed. 
Bzamplei. Example. — A vessel having been proved to have a speed 
of 8'328 knots per hour, wiUi 813 indicated horse-power, 
it is desired to know what velocity she would attain with 
2000 indicated horse-power ; the vessel being supposed in 
every case to have the same draught of water, so that 
there is always the same body io be propelled, the 'formula 
would stand thus*: — 

«13:2000::8d28S:^ 

V, the required speed, -is thus found to be equal to \V25 
knots. 

Or, with the same vessel it is desired to know what indi- 
cated horse-power would be required to give her a velocity 
of 11*25 knots— 

8*3283: 11*263:: 813 :<A|>; 

ti^, the required indicated horse-power, is thus found to 
be 2000 horses. 

The speed or the fk»wer thus obtained, ey^ though in 
practice it may be impossible to carry out the conditions, 
will be a mathematical truth, and will aJSord perfectly sound 
grounds from which to draw conclusions with respect to 
other vessels in which these conditions will be possible* 
For instance, in theoretical calculations, a large amount of 
power may be supposed to be put into a vessel of so small 
a size that she could not carry it,, but the velocity found by 
calculation as due to thb smaU vessel with this large 
amount of pow^ may be used as a ground of comparison, 
if it be desired to compare her performance with the per- 
formance oif a vessel of sufficient capacity to carry this 
power. A comparison in this way may even be carried so 
far that the performances of H. M. yacht Fairy, of 312 
tons measurement, may be used to predict the speed at- 
tainable by a Vessel of the size of the Great Eastern if 
built with k ihid^hip section, and with lines of the same 
character, so as to be as near as may be mathematioalHf 
similar. This mode of comparison has been most success- 
fully carried out by Mr Atherton, who has investigated the 
subject of comparative steam-ship capability at great length, 
ancf in a most able and valuable manner.' 

The mathematical correctness of the comparisons be- 
tween similar vessels, though of different sizes and pro- 
pelled by engines of different powers, may be demonstrated 
by reverting to the &ct that the resistances of two differ- 
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ent areas are directiy as these areas when botii are moved Forces 
at the same velocity ; and that the velocities of the same ^ting on 
vessel, or of two vessels of the same size and similar in all ^^^J^ 
respects, are as the cube roots of the powers, the areas or , '*" 
midship sections of the two vessels being the same, and 
therefore equal. When the areas or midship sections are 
not equal, it is evident that the cubes of the velocities will 
be to each other as the ratios of the powers to their re- 
spective areas, thus i^^ 



VS 



P D 

•■::'-- : — ; and therefore, 



V» : «» : : Pa : pA, or 

V»A_tPa 
P " P 
In using this formula, a coefficient C may *be introducecl A coeffi- 
thus — ^^•"^ ■'•y 

V*vA v'^a be em- 

L^^OtoidC^^^-^ ployed. 

for the purpose of saving labour in the calculations. 

The velocity, area of midship section, and horse power 
of any vessel being known, the coeflicient for that vessel 
may thus be found ; and if it be proposed to build a larger 
vessel, similar in proportions tothe existing vessel, of which 
all the particulars are known, and which w called the type 
of the larger one, tlien the coefficient, the area of midship 
section and the horse-power of the ptoposed vessel being 
Imown, the speed she will attain is found as above. 

In practice a ratio of the displacement of ships to be A ratio of 
<X)mpared is frequentiy used in preference to the ratio of ditplace- 
iheir midship sections, because it is considered ihat there !"*''^V 
is likely to be a nearer approach to a mathematical "™^- Ij^jjj*^*"' 
larity in this case. If two vessels of different displacements, midabip 
D and dj and different midship sections, A and a, be mathe- gcction. 
matically similar, then the displlu^eitients vary as the cubes 
of any one of thetr like dimensions, — their breadths, tor in- 
stance ; whereas, the areas of the midsliip sections vary as 
the squares of the same dimeusions ; that is, if B and b denote 
the breadths of two similar vessels at the load-water line, 
B»:^»::D :d, 

and B*:lfl::A rto. 

Hence, B« : fc« : : D* : rf«, 

an^ B« : fc« : : A3 : a^ ; 

therefore, A» : a» : : D« : d', 

and A :a ::Dl:<il. 

Any other dimensions — viz., the lengths or the depths— 
might have been employed. The principles here made use 
of are generally stated thus< — 

The Tolumee of similar lolidt are as the cabet of their like 
dimentiont, and the arear^f similar figures are to each other as the 

sqoares of their like dimensions. Hence, then, D", or V ]^ maj be 
osed instead of the areas of the midship secUon, and the formula 

v^' Tnp » ss It is generally Written), may be subeti- 



IHP 
tated by the formula 



IHP 



= 0. 



As an example of the practical use df this formula, let it Bnaple 
be supposed thst there is a vessel in existence whose velo-^*^**F" 
city is 8*328 knots, witii the exertion of 813 indicated horse- Jjjj'^^ 
power, and whose displacement is 3080 tons. The coeffi- g^i^ 
cient for this vessel is therefore found thus, 

It is now desired to find what will be the speed of a ves- 
sel similar in form to this vessel, but so much larger as to 
have a displacement of 5760 tons, and with an indicated 
horse-power of 2000 horses. In this case 



1 Steamikip Oapahility, by C. Atherton. Grant, Woolwich, 1854. 

s In Mr Atherttm*s work, previously quoted, tables of the cubee of the velocities, or ••, and of the cube roots of the squares of the 

displacements, or d!, otherwise written VO^, will be found, which will materially l a m en the labour of these calculations. 
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V«.x67dOl. 



2000 



: 190-4 



%%V 



= V^^^"*^5^ = ^^«^-"*^ 



Hogneand These figures are not imaginary, the results given as 
I>^« of those of the smaller vessel are the results which were ob- 
^•^*"8^"tainedfrom H^M. ship Hogue, on trial at the measured 
?JJ^^ knot in Stokes Bay, at Portsmouth, and the particulars of 
oompletion ^^ large* vessel are those which were assumed for H.M. 
of the Ui- sliip Duke tif Wellington in 1852, before she or any vessel 
tar. of her dass liad been fitted or tried with a screw propeller 

and steam power. On actual trial in 1863 the I>tuce of 
Wellington realised a speed of 9*891 knots, with a displace- 
ment of 5829 tons, and an indicated horse-power of 1699*2 
horses. The coincidence of the actual results with the speed, 
as calcuhrted by the formula^ is remarkable ; but many in- 
stances off similar correctness might be quoted. In using 
Foreorractthe formula, however, it must never be forgotten that the 
oomparl- vessels, though of different sizes, must be mathematically 
son, vaB. siqiilar, in order that the results may be true, and that 
be* "S* otherwise the results must only be looked upon as approxi- 
maUoOir mations nearer •or farther firom the truth, as this condition 
•imilar. is noore or less nearly fulfilled, rare being taken that the 
propelling power in both cases is applied with equal effici- 
ency. It is scarcely necessary to remark, after what 1>as 
been said, that the higher the coefficient or index number 
of any vessel is, the better is her relative performance, 
taking into account her siae, power, and speed. 
Aetaal re- It has before been shown that calculations founded t>n 
sistMcat ^hg angles'of incidence at the bows of a ship to determine 
SlffiCTlt to ^^ ®**^ resistances, do not "correspond with the results 
datarmine. obtained by experimental researches or with practice. At- 
tempts are still being made to determine the exact resist- 
ances to ships of different forms, moving at different velo- 
cities, and valuable additions to our knowledge, in this 
respect, may yet be looked for; but the subject is one 
The anioant which is beset ivith many difficulties. The state of the 
of friction- surface of the immersed body will always affect this ques- 
al reriit- ijon greatly ; and, after the utmost care, it is most diffi- 
*"*^d b***' cult to ensure that two vessels brought together for rigid 
Btote of^ comparison, or that two or more results obtained from the 
sarfaoa. SAtno vessel at different periods of time, shall be equally 
affected in this^ay. The ^ed of a vessel has been found 
by observation to be reduced as much as 20 per cent by 
the foulness of the bottom. It must be observed, how- 
ever, that whilst this last-mentioned fact proves the extent 
of the influence which the friction of the water upon the 
surface of the 'vessel exercises upon her speed, it in no way 
invalidates the foregoing calculations, because similar ves- 
sels, with their surfaces in a similar state, no matter what 
that state may be, whilst within the limits of roughness or 
foulness found in practice, will still have their speeds to vary 
as the cube roots of the powers. 
Formola The following formulae were submitted to the Institution 
founded on of Civil Engineers in 1857, as the results of some experi- 
*t bow and °™^"'* instituted by Mr Hawksley, and as the results of ex- 
gtamrand penence up to that time on the sulyect ;^ 

on friction ...„,,»/«, «^ « j^ 8 \ ^ . 

ofsurfaca. "^ - ^3 { — .in'-x.in^^ + gjj^-^ ) . . . No. L 

V = 29 / - \ * 

^U4'*(tln*^+sin«^+8/ 

In which -H was the affective hone-power, and equal aboat^ftht of 
the indicated bnree-power, and a the area of the midehip lectton in 
tqoare feet,»# the angle of the bow lines, y the angle of the ttem 
linea, and t the immersed or wetted surface of the vessel in square 
feet. The value of the coefficient of t had been ascertained from 
numerous experiments 'made to determine the friction of -water 
passing through pipes, and, ftxmi the oonsistency of the results, 
might be regarded as practically correct for surfacea of iron. At 
a velocity of 15 feet per second, the resistanoa of water amounted 
to S6 ounces per foot superficial. 



The precise value of the coefficient of • was somewhat lees cer- Poreas 
tain, inasmuch as the theoretical and experimental results were not acting on 
altogether coincident, or in perfect agreement amongst themselves, i^ g|,|p |q 
and it was therefore proposed to institute a further cour»e of ex- motion, 
periments, which would, in due time, be laid before the Institution. ^ ^ -^ i 
In their present form, however, the equations would give a near 
approximation to actual experience; for instance, when spplied to 
the Atrato, a large steamer having upwards of 3000 indicated 
horse-power on board, the formula g^ve a speed of 16 miles per 
hour, while, upon the measured mile, the actual speed appeared to 
be 16 miles per hour. It was quite useless to attempt equations for 
curved forms, nor was it necessary to do so, as by dividing the im- 
mersed solid into four parts, by five equidistant planes taken par- 
allel to the load-water line, and calculating each part by three or 
more angles, formed by the intersection of tangents to the respec- 
tive curves of the bow and the stem lines, any required degree of 
exactitude might be obtained. In general, with regard to sharp 
vessels, a single calculation would be sufficient for ordinary prac- 
tical purposes, and especially after a little experience had been 
gained, in estimating the angles at the head and stern, capable of 
approximating to the resulta of carves.'* 

It is believed, however, that the results before shown as Compari- 
being so easily obtained by comparison with the known ^^ ^*'** * 
performances of any known vessel, even tliough she may !.^^1|'^" 
not be in all respects an exact type of the proposed vessel, 
will still be found in practice t4» be a safer guide than any 
calculations founded on such assumed amounts of actual 
resistance and friction^ when it is desired to obtain the 
speed, or any other element of performance, to be expected 
from any hypothetical vessel. 

Another element aflTecting the correctness of the resulst Ratio of 
of all these calculations to determine the speed due to any indicated 
vessel, is the difference between the indicated horse- power, ?*"**^****^* 
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or the gross power exerted in the cylinder of a steam-en- 
gine, and the net horse-power really effective in propelling {[ff^ts the 
the vessel — that is, the power left for thi s purpose after results of 
deducting the amount expended in the friction, and in foregoing 
working the parts of the engine itself. Engineers have^®*^ 
not^ as yet, succee(]ed in devising any ready and satisfactory ^^°'* 
method by which the amount of effective horse-power in 
any ship may be measured separately from the gross horse- 
power as showa by the indicator to be exerted in the 
cylinder. Dynamometers have been fitted to some ships, 
but their action has been so irregular and anomalous that 
no reliance can be placed on the results obtained ft-om 
them. A very beautiful instrument as a dynamometer for 
th is purpose was fixed in the dockyard at Woolwich, designed 
by Professor Colladon of Geneva, and some valuable results 
have been obtained from it, showing a much greater dif- 
ference between theindicated and effective horse-power than 
that assumed by Mr Hawkesley in the formula by him, as pre- 
viously quoted. It is usual, however, to assume that the ratio 
between the indicated and the effective horse-power, what- 
ever that ratio may be,, remains constant, and is the same in 
all cases ; and the gcoss indicated horse-powers are therefore 
taken as proportional to, and a measure of, the effective 
powers. In many cases this assumption is no doubt correct, 
but in many others its correctness may be questioned ; and 
the results, therefore, which are obtained with the indicated 
horse-power as the measure of the prof)elling power, must 
not be argued upon as definite, or as anything more tlum 
an approximation sufficiently accurate lor most practical 
purposes* 

The form of the engines and boilers to be used in the Naval ar* 
propulsion of a vessel is generally left by the naval archi- chitecu 
tect to be determined by the engineers ; but at the same *P*^ *"* 
time, the amount of power to be placed in the vessel, the ^*„^"^ ^ 
weight and the positions of the centres of gravity, both J^^^th^er.*^ 
vertically and longitudinally, of the machinery, must be 
duly considered and determined in concert with the naval 
architect. The form of the vessel at the place where the 
paddle-wheels or -where *the screw are to act, also requires 
special consideration on the port of the naval architect, 
otherwise the power exerted by the engine may be wasted. 



62 



SHIP-BUILDING. 



Resoltants 
of forces 
acting on a 
•hip under 
•ail. 



Forces as it formerly was in churning the water when the paddle- 
acting on wheels were boxed up in sponsons. 
a Ship in 

motion. 
^'^m^^^'^^ Propulsion of Vessels by Sails. 

The arrangements for the propulsion of vessels by the 
agency of the wind come within the province of the naval 
architect, and much consideration has been given to the 
subject in many works. 

When the ship is under sail, there are two forces acting 
on it — the one, the force of the wind on the sails, to propel 
the ship ; and the other, the resistance of the water to op- 
pose her motion. These forces, immediately the ship has 
acquired the velocity due to the strength of the wind, are 
equal, and, as is the case with all forces, may each be 
reasoned on as if acting only on one point of the surface 
over which its effect is difRised. This point is that in 
which, if the whole force were to be concentrated, its effect 
would be the same as when dispersed over the whole area : 
it is usual to call these concentrated forces ** resultants of 
forces," and the points on which they are supposed to act, 
"centres of effort." 

From what has been before said, the resultant of the 
force of the wind on the sails, and the resultant of the force 
of the water on the hull, are equal ; the one acting on the 
weather-side of the ship, in the direction into which the 
force of the wind resolves itself, and the other opposed to 
it, acting on the lee-side, in the direction into which the 
force of the water resolves itself. The action of the wind 
upon a ship will be understood from the annexed figure. 



and centres 
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rig. 00. 

to propel Let A B be the centre line of the ship, and let D C repre- 
^ >hip, gent the direction of the wind, and £ F the sail. If the 
length of G C is taken to represent the force exerted by the 
wind, the force upon the sail will be represented by the 
line L C at right angles to it, the length of L C having 
been found by completing the parallelogram L C M G ; the 
force M C being in the direction of the sail is lost. The 
force L C may now be resolved into the two forces L P 
and L Q, or Q C and P C ; the one acting to propel the 
vessel in the line of her keel, and the other at right angles 
to it. It is evident that the motion of the ship resulting from 
these two forces will not be in the direction L C, on account 
of the body of the ship, from its form, oflTering much less re- 
sistance to the force QC than to the lateral force PC. 
Tlie relative degree of this resistance cannot be deter- 
mined by calculations,^ though attempts to do so have been 
made. If, however, tiie relative resistances be supposed to 
be such that the motion from A towards B may be taken 
to be represented by C S, while the motion away firom the 
wind or to leeward is represented by C r, then the motion 
of the ship will be along the diagonal C /. The course of 
the ship will thus be represented by the line a 6, and the 
angle 6 C B is called the angle of lee-way. The direction 
of the wind may be more ahead of the ship than shown in 




the figure ; the position or trim of the sail would then be Forces 
altered, and its ibrce may be resolved in the same manner witing on 
as before. It is evident that the more acute the angles ■ ^^''P ^" 
B C F or B C D are made, the less will be the propelling ^'*^ 
power longitudinally, and the greater will be the lateral ^"*v^*^ 
effect. 

The effect of the resultant of the force of the wind on to turn a 
the sails and of the water on the hull, is necessarily in pro- »*»»? from 
portion to their distances from the centre of gravity. If they ***' courte. 
are equally distant they will destroy each other, and the ship 
will remain at rest with respect to the line of its course ; 
if the resultant of the resistance of the water passes 
before the resultant of the wind, the ship will turn to the 
wind ; but if the resultant of the wind passes before that 
of the water, the effect will be the contrary, and the ship 
will fall off from the wind. In either of these cases, in 
order that the ship may be made to keep her course, it 
will be necessary to equalize these forces by the action of 
the water on the rudder, on its lee-side to bring the re- 
sultant of the water more aft, and on its weather-side to 
destroy a part of the effect of the wind. This is the prin- 
ciple of the action of the wind on the sails, and of that of 
the water on the hull, with respect to the course of the 
ship through the water ; and it is on these considerations 
only that the various alterations can be regulated, which it 
may from time to time be necessary to make in the trim 
either of the sails or of the ship ; and hence the accurate 
determination of the positions and directions of these 
two forces is a point of great importance in naval archi- 
tecture. The position of the centre of effort of tlie wind 
on the sails may be found under certain reservations ; 
and that being known, enough is determined to lead 
to correct conclusions on the other circumstances 
attendant on the suliject. 

The centre of effort of the wind is always placed Centre of 
some distance before the centre of gravity of the ship ; ®?®^* Jjf 
and in order to find this distance in any ship, the mo- ^ 
ment of each sail is calculated by multiplying its area^f _^^|^„ 
by the horizontal distance of its centre of gravity from of ship, 
that of the ship ; the sum of the negative moments, 
or those abaft the centre of gravity of the ship, b 
then subtracted from the sum of the positive moments, 
or those before the centre of gravity of the ship; 
the remainder is then divided by the total area of 
the sails, and the result gives the required dis- 
tance of the centre of effort of the wind on the sails determines 
before the centre of gravity of the ship. The situation of positions of 
this point with respect to the length of the vessel must ' 
determine in a considerable degree the positions of the 
masts ; for experience has proved that it is among the most 
essentially requisite good qualities of a ship that she shall 
carry a weather-helm. 

With respect to ships carrying a weather-helm, Mr Creuze Effect and 
assumed that the particles of water have a motion at the P°*^^^ ^^ 
stern of the vessel, the direction of which forms an acute V** "*""•' 
angle (A ary, fig. 00) with the middle line of the ship pro- c^ntlmious 
duced aft, which angle will evidently be dependent on the motioii. 
fulness or the fineness of the after-part of the body, and on 
the angle which the line of the ship's course, or that of the 
lee-way, makes with the middle line of the ship ; conse- 
quently, the inactive position of the rudder will be when 
it forms this angle with the middle line of the ship, that is, 
when the rudder is to leeward, and, consequently, the 
helm a-weather. And this position should be the theoretic 
limit of the degree of weather-helm a ship should carry* 
as in any other position there must be a force acting on 
the rudder, which roust increase the resistance the ship 
experiences in her passage through the water. 

It may perhaps tend to illustrate these views further, if 
it be supposed that the ship is at rest, and that the water 
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Strikes her in the direction o( her tnie course, A B, fi<;. 00, 
including the lee-way ; and then as the angles of incidence 
and reflexion are equal, the particles of water which strike 
the ship at an angle varying with the angle of lee-way will 
be reflected off the lee-side at the same angle, and this 
angle will be that of the inactive position of the rudder. 
A practical confirmation of the correctness of the view, 
that the advantageous position of the rudder is a-lce of the 
middle line of the ship, may be drawn from the common 
observation, that when a ship is in good trim, the helm 
being a-weather, and the ship keeping her course steadily, 
the helm has a very perceptible tremulous motion, which 
must arise from the rudder being in a position in which it is 
not acted upon on either side by any constant force. This 
method of considering the direction of the flow of the 
water to the rudder considerably diminishes the estimate of 
the excess of its effect on the lee-side of the rudder over 
that on the weather. But there are several other consi- 
derations which operate in increasing the effect of the 
weather-helm. From the direction in which the water 
flows past the ship, there will be a much greater reduction 
of pressure on the weather-side of the rudder when the 
helm is to windward, and therefore a greater positive pres- 
sure on its Ice-side to turn the ship, than will occur under 
the opposite circumstances, or when the helm is a-lee. Also, 
the broken and disturbed state of the water on the after- 
part of the weather-side of the ship, arising from the water 
having to acquire a motion to leeward to fill up the void 
made by the ship as she goes ahead and to leeward, and 
the consequent various degrees of resistance it opposes 
must lessen its effect when the helm is a-4ee. 

It has been said to be proved by practice, that ships 
which carry lee- helms cannot beweatherly; that is, willfall 
faster to leeward than those which carry weather-helms. 
But though the fact is correct, tlie reason assigned is in 
some degree mistaking the effect for the cause. It has 
before been said, that a part of the force of the wind acts 
in driving a ship bodily to leeward ; of course its eflect 
will be greater or less in proportion to the lateral resistance 
opposed to it, and the ship which opposes less lateral and 
greater longitudinal resistance to the water than another, 
will in the same period of time have fallen furthest to lee- 
ward, and the line of her course will have made a larger 
angle with her middle line, by which the effect of the 
water on the after-part of the lee-side is increased, while 
that on the fore-part, both of the lee and weather sides, is 
diminished, and the helm must consequently be kept less 
a-weather. A practical proof of the correctness of this rea- 
soning may be drawn from the practice of the older class of 
merchant vessels, which are generally, from form, more lee- 
wardly than men-of-war. They have their foremast placed 
much nearer the centre of the ship than is usual in sharper 
and finer formed bodies. This has evidently arisen from 
the operations of the cause above mentioned, which has 
shown that they require the resultant of the effort of the 
wind on the sails to be proportionately farther aft to ensure 
their carrying a weather-helm. 

There is another disadvantage arising from a ship's car- 
rying a lee-helm, which is, that the action of the water on 
the weather-side of the rudder acts in conjunction with the 
force of the wind in forcing the ship bodily to leeward ; 
while, on the contrary, while the helm is a-weather, the 
action of the water on the rudder is in op{)osition to the 
force of the wind. 

The ardency of a ship, which is her tendency to fly to 
the wind, de|)ends on the relat:ive positions of the resultant 
of the effort cf the wind on the sails, and the resultant of 
tlie resistance of the water on the hull. 

The position of the centre of effort of the wind on the 
sails is calculated under the supposition that the sails are 
plane surfaces, and equally disposed witli regard to tlic lon- 
gitudinal axis of the ship ; but when a ship is on a wind. 



as the force of tlie wind acts in a direction oblique to the Forces 
surface of the sails, a greater pro))ortion of the sail is car- acting oo 
ried to leeward of this axis, and the whole sa^l assumes a • Ship io 
curved surface, the curvature of which incTcases from the "*®**<>**' 
weather to the lee-side. From these circumstances, the ^^^'"^^^ 
centre of effort is in fact carried gradually farther aft as Effect of 
the action of the wind takes place on the sails. Also, as ^^^^^ cur- 
the force of the wind inclines the ship, the centre of effort ^*^*'''«- 
of the wind on the sails is carried, by this inclination, over 
to the lee-side, by which, as also by the effect produced on 
the resultant of the water, which has been before men- 
tioned, the distance between them is farther increased. It , 
therefore appears that, the quantity and disposition of the 
sail set remaining the same, the ardency will increase as Of ineroate 
the force of the wind increases, and diminish as that force of wind, 
diminishes. The defect of a vessel carrj'ing a lee-hehu 
may be lessened by those means of trimming either the 
sails or the ship, which will tend to increase the distance of 
the resultant of the water before the centre of effort of the 
wind. Great caution is necessary before altering the posi- 
tion of the masts, with a view to remedy this defect, be- 
cause her working quickly depends on the proportion of sail 
before and abaft the axis of rotation, and not on the position 
of the centre of effort of the whole surface of the sails. 
Up to the year 1852 the topsails of ships were reefed 
and unreefed by the seamen going aloft and out on the 
yards. About this period Henry D. P. Cunningham, an 
officer of Her Majesty's navy, invented a plan for reefing 
and unreefing the topsails, and other square sails of ships, 
from the deck, without sending any one aloft. He accom- 
plished this by using the yards as rollers, fitting them to 
turn round in their different fastenings, and so rolled up 
and unrolled the sails upon them, employing the gravita- 
tion of the yards as the motive power for turning them, 
thus also gready economising labour, as well as giving 
security to life. This new method is now in extensive use 
in the mercantile marine and troop ships of Her Majesty's 
navy, and is rapidly superseding the old. 

The limits of this article will not permit the subjects of 
masting, or rigging, or sailmaking, to be gone into ; much 
valuable information on the subject of the propulsion of 
vessels by sails will, however, be found in the article Sea- 
manship, in £nct/. Brit, 8th Edit. 

Motions of a Ship under other Influences, 

The motion of pitching and scending is generally the Pitching 
most violent action to which a ship is subjected, and the and scend- 
most injurious to her strut ture and her velocity. It is the ing- 
longitudinal motion caused by the variable support afforded 
to the body by the waves as the vessel meets and passes 
over them ; pitching being dipping of the bows into the 
water, and scending the dipping of the stern. To obtain 
ease of motion in this respect, Mr Hen wood advocated, in 
a paper published in the Papers on Naval Architecture^ 
that the after-part of the ship, or that part abaft the centre 
of gravity, should be constructed so as to have precisely 
the same cubic contents as the fore-body, and that its 
centre of gravity should be at the same distance from the 
centre of gravity of the ship as that of the fore-body. The 
disposition of the weights, and especially of the masts, in- 
fluences this motion in a powerful degree ; because, though 
the weights in the fore and after bodies may balance each 
other while at rest — a greater weight, perhaps at a Itss dis- 
tance, balancing a less weight at a greater distance — yet, Momenu oi 
when the ship is set in motion the balance will no longer ^*^^ *''* 
hold, because the moments of the weights in motion will be p^tt^pee of 
according to the squares of their distances from the com- the dis- 
mon centres of gravity. If a vessel pitches heavily, theunceeof 
moments of the weights forwards are too great, and the iheir com- 
contrary if she scends heavily abaft. An uneasy motion in *"?" centret 
pitching is much more common than in scending, and this*** gravity 
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no doubt arises from the generally very forward position of 
the fbre^masty especially in men-of-war. The importance 
of a little attention to this subject on the part of naval men 
will be at once apparent, when it is considered that the 
effect of moving or placing 6 tons at a distance of 120 feet 
from the centre of gravity of the ship is represented by the 
number 72,000 = 120* x 5, while it would be necessary to 
move 720 tons to a distance of 10 feet on the opposite side 
of the centre of gravity to produce the same effect od the 
pitching and scending motions of a ship. 

The rollii)g motion of a ship is caused more by the undu- 
lations of the waves than by the shock of a wave striking 
the side of a ship. The principles on which the rolKng of 
a vessel depends have been already investigated, and a few 
practical remarks will only be added here. The remark is 
common, and it is true, that the crank ship is the easy ship 
— that is, the more readily a vessel rolls, the easier will be 
her motion in rolling. Mr Wilson, late of the Admiralty Of- 
fice, in an able article on the Papers on Naval ArcniieC' 
turCf says, '* If stability is too great, the most efficacious 
way of diminishing the rolling is to bring up the ballast, 
because it raises the centre of gravity, and it increases the 
distance of the centre of oscillation from the axis of rota- 
tion. The ballast removed from near tlie keelson to the 
wings, even if placed as high as the deck, is as far from the 
metacentre as when it was in the hold, and consequently, 
its weight multiplied into the square of that distance is the 
same as before ; the rollings, therefore, will be slower,'* 
The cables, shot, stores, &c., in any ship, if placed near the 
side, while this will not affect the stability, will increase the 
distance between them and the axis of rotation, and will 
consequently lengthen the time of vibration. Mr Wilson 
proceeds to say, that it is by no means a difficult task to 
reduce a ship of extraordinary stability, which is always an 
uneasy one, to a state of easy rolling by increasing the 
masts and yards, and increasing the weights above and put- 
ting them in the wings, and removing some ballast, if she 
has any on board. 

The stability and the rolling of a ship were fully treated 
of when considering the theory of ship-building. It was 
there demonstrated, that if a ship be forcibly inclined to a 
given f)osition, it is necessary, in order that she may regain 
her upright position, that her centre of gravity be below a 
definite |>oint in the vertical centre line of the transverse 
midship section. This |K)int is called the metacenire^ and 
it was shown how its position could be determined, mathe- 
matically, for any ship. Its position may be familiarly 
explained by referring to the fact, that the supporting or 
buoyant power of the water in keeping a ship afloat is 
concentrated in the centre of gravity of the mass of water 
displaced by her body, which is hence called the " centre 
of buoyancy," or "centre of immersion," as well as the 
*^ centre of the displacement." The buoyant power or up- 
ward pressure of the water is therefore equivalent to a force 
acting upwards in the vertical line which passes through the 
centre of the displacement, with its effect concentrated on 
the ship wherever this line may intersect it. When a 
vessel is inclined, the centre of gravity of her displacement 
will be removed to a vertical line different from that which 
it occupied when the ship was vertical ; and looking at the 
ship in this inclined position, it will be evident that the keel 
will be forced up and the vessel upset, if her centre of 
gravity be so situated that the line of the upward pressure 
of the water comes between it and the keel. If, on the 
contrary, her centre of gravity be so low that this line of 
upward pressure comes above it, she will evidently right 
herself; and the greater its lateral distance from the line 
of upward pressure towards the keel, the greater will be 
her tendency to do so, or her stability ; and a measure of 
her stability is thus obtaineil. There must then be a spot 
for the centre of gravity of the ship between these two sup- 
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from, that is its height above, the centre of gravity of the 
ship is a measure of her stability. 

It is difficult to determine the position of the ^ centre of Ctntn d 
gravity of the shin," by which is always meant the centre of imvltj of 
gravity of the hull and fittings, if the ship be empty, or of •'>^ ■•y 
the ship and cargo combined, if she be loaded, by any direct ^,^r 
calculation of the weights and their respective centres of J^jJ^/ 
gravity, but an approximatKMi sufficiently accurate for the tlon- 
purposes of forming the general design of a ship and 
approximating to the position of the metacentre, can easily 
be made even for a novel design^ 

Immediately afler a vessel is launched, her stability or 
her want of it, is made apparent, and if any correction is re- 
quired, her fittings and equipment are completed in such a 
manner as to meet her condition in this respect, the practi- 
cal knowledge and experience of the builder guiding his 
judgment afler seeing the effect produced by weights 
placed on board the ship^ The instances in which thebyex|)#r- 
centre of gravity of the ship and her weights, light or loaded, mmt an^r 
have been obtained correctly, by experiment, after she has^«*"R 
been completed afloat, and which have been publicly re- '^^^*'* ^ 
corded, are not numerous. The deuiU of the manner in 
which it was obtained, proceeding upon the principles given 
in Art. 16, page 47, were recorded for two ships by Mr 
Creuze in the first edition of this work ; and tlie details tor 
several other ships, as obtained by Mr Barnes, will be found 
in the volume of Transactions (f the Institution of Naval 
ArchUecU for 1860. Supposing the centre of gravity Illattniti.t, 
of the ship and her weights to have been found, and that of tiieeffeet 




ated thtre for the sake of better illustration, F/K L / be 
traced t.po i it, also tlie lines FL,//, MK, and MG dt pro- 
duced, and a compass point or pin be now placed and neld 
on the centre of gravity G, and the piece of tracing-paper 
be made to revolve on this centre till the line// becomes 
horizontal and parallel to the line FL of the original figure 
underneath the tracing-paper, it will at once be evident to 
the eye that the space/oK on one side of the keel is much 
less than the space on the other side, oKL, and that the 
water displaced on the former side is therefore greater, and 
the centre of gravity of the displacement must be on that 
side, and the ship will right herself, as it was before stated 
would be the case under such circumstances. 

From this illustration it will also be evident, that the Altentiuu 
centre of gravity of the ship will rise vertically before the <» tbe 
new water-line//, due to the inclined position, will coincide *"•*«>>* of 
with the original water-line FL, and give the amount of ^* centre 
displacement required for the flotation of the ship ; and it^f fJJ^^ 
must be remembered, in designing a ship, that such altera- when f&- 
tions of level in the centre of gravity of a ship, when she is ing, to be 
inclined, are to be carefully avoided, as this is the point avoided ; 
round which the ship revolves, and her easy rolling is much 
affected thereby. 

With reference to a change of the position of the centre al«> when 
of gravity of displacement of a ship when pitching, Mr pitching. 
Barnes, in his paper on A New Method (f Calculating the 
Stability of a Ship, published in the Transactions rf the 
Institution of Naval Architects for 1861, amongst other 
deductions of great value to the practical builder, says, '^ It 
is usual when making the calculations for the stability of a 
ship, to ascertain the positions of the centres of gravity of 
the wedges of immersion and emersion in a fore and afl 
direction, with a view to making the ship of such a form 
in the neighbourhood of the water-line that these centres 
of gravity should be situated in the same transverse plane. 
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A ship of this form, when inclined about a fore and aft hori- 
zontal axis, will make no efibrt to change the axis of rota- 
tion ; the ship will, in fact, under these conditions, roll only. 
If a ship be of such a form that the centres of gravity of 
these wedges are not in the same transverse plane, but the 
centre of gravity of the immersed wedge, for instance, be 
abaft that of the emerged wedge, then the centre of buoy- 
ancy moves aft by the inclination, and the ship has a 
tendency to depress the bow and elevate the stern, — that is, 
the motion will be compounded of rolling and pitching." 
In the same manner as a ship revolves transversely in a 
rolling motion, and longitudinally in a pitching motion 
round her centre of gravity, so will she revolve horizon- 
tally round the same centre by the action of the rudder, or 
that of any oUier disturbing force acting horizontally upon 
her body. 

In the paper by Mr Froude, published in the same 
volume of Transactions, the subject of The Rolling of 
Ships is treated in a very ingenious, novel, and masterly 
manner, and the consideration of the synchronism of the 
oscillations of the waves and of vessels, or their keeping 
time together, is likely, in the opinion of Canon Mosely, as 
expressed by him, to have an important bearing hereafter 
upon the construction of ships, as well as to be of inestim- 
able value in the theory of Ship-building. In his remarks 
on Mr Fronde's paper, he proceeded to say, ** I allude par- 
ticularly to the way in which the repetition of the impulses 
exerted upon the body is made to modify the oscillations. 
If, when a vessel first rolls, and then rolls back at the 
instant it has got to the extreme roll back, you apply a 
second impulse, you very considerably increase the amount 
of the succeeding oscillation ; and if you wait till the third 
extreme roll, and then apply a third impulse, you impel her 
through a still further angle ; and so you may go on apply- 
ing such impulses at these particular periods. The effect of 
such accumulation of motion is displayed in the case of sus- 
pension bridges, some of which have been brought down by 
the steady marching of a body of troops, owing to the fact 
of the steps of the troops synchronising with the oscillations 
of the bridge. The view of the subject which has been taken 
by Mr Froude is one that could only be taken by a person 
who is familiar with mathematical questions of this kind, 
and it shows that a great harvest of valuable results is to be 
reaped from the mathematical discussion of the more pro- 
found problems of ship-building science. Whether the 
action of water upon a ship is like the action of water upon 
a little float, is, I think, a question which admits of consi- 
derable doubt. The relation there may be between the 
motion of a great ship in reference to the waves which 
rock it, and that of the little float mentioned by Mr Froude, 
is a subject to which I would direct the attention of those 
who are interested in these matters. There is this to be 
borne in mind, in discussing the question of the stability of 
a ship as dependent upon the position of the centre of gravity 
of tlie ship, we must remember that the rolling depends 
partly upon the centre of gravity of immersion. We may 
measure the work required to incline a ship from the up- 
right position down upon her side by the wind or the waves. 
This work may be measured by calculating the number of 
pounds lifted one foot high which would be requisite to lift 
the whole ship bodily up throu<;h a space equal to the dif- 
ference between the heights through which the centre of 
gravity of immersion and the centre of gravity of the ship 
itself, would respectively rise during the inclination. Take 
the difference between the elevations of the two centres, then 
the work required to lift the ship through a height equal to 
that is the work that must be done upon the side of the 
ahip to bring her over to the proper angle, — that is, going 
upon the supposition that the ship is in still water, and that 
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the water remains still when she has been deflected and is Forces 
left to return. The great merit of this investigation is, that *^^"^ ^J^ 
it takes into account the influences of the fluid in which *,^J5^ 
the vessel is floating. But this is to be borne in mind, y^ '^ 
that the expression of the time of oscillation has reference ^^^ 
to the stability of the ship as well as to this work. To what 
extent these two elements separately influence the motion 
of the ship, remains for furtner discussion. I would add, 
that the influence of the motion conffmunicated to the fluid 
in the act of rolling was perfectly apparent in the experi- 
ments made at Portsmouth by Mr Fincham. Experiments 
were made with models of circular sections and triangular 
sections. With the circular, the body moved the water 
round it but very little, and in that respect theory agreed 
with experiment ; but when we took up the triangular 
model, tiien the water was displaced by the triangle of im- 
mersion, and there was great discrepancy between the 
actual results of experiments and the results of theory." 

As deductions drawn by Mr Froude, we may quote tlie Deductiotih 
following paragraphs from his paper, referring the reader to from 
the paper itself, if he wishes to follow up the subject. "We* 
see, then, that though the effect of stability of any given ship ^ 
depends primarily on her mass, and the position of her 
metacentre and her centre of gravity, the rate at which she 
will acquire or lose velocity under given circumstances of 
inclination and angular velocity, and the position she will 
assume at any period, may be wholly expressed in terms of 
her Aperiodic time* 

" In making tliis statement I do not forget that the oscil- 
lations of a ship are performed in a resisting medium, and 
that the scale of resistance is so high that when a ship of 
whatever form has been set rolling in still water, the range 
of each successive oscillation becomes sensibly less than 
that of its predecessor.'* ** In proceeding from the case of the 
ship oscillating in still water to that of a ship oscillating in 
undulating water, it is necessary to remind the reader that 
it has been shown that the momentary effort of the ship is 
to place her masts at right angles to the surface of the wave 
where she floats ; and for a given ship occupying at any mo- 
ment an angle of inclination differing from this, the measure 
of the efibrt is the same as that by which she would en- 
deavour to assume a vertical position if occupying for the 
moment in still water an inclined one, with an angle equal 
to that diflerence." He also states, " that, on the whole, it 
appears there are no circumstances under which material 
advantage can be practically gained by quickening the 
period of a ship, while there are many under which very 
material advantage can be gained by rendering it slow. 
Also that the surest and readiest method of giving a shif> a 
long periodic time is by lessening her stability under can- 
vas. The effort of stability is the lever by which a wave 
forces a ship into motion ; if a ship were destitute of this 
stability, no wave that the ocean produces would serve to 
put her in motion." 

"But though, of course," Mr Froude proceeds, "some 
such stability is essential, I believe that most large ships 
possess it in excess, e,g,y slow as is the period of The 
Great Eastern, I believe she could with much advantage 
part with a considerable portion of her stability. Let us 
see how the account stands : W hen she is loaded to about 
22,000 tons, her metacentre is about 8*7 feet above her 
centre of gravity, so that when she is forcibly inclined at 
an angle of 10** from her |)osition of rest, the effort of sta- 
bility may be expressed by 22,000 tons x 87 x 10° = 22,000 
X 1 -02 = 33,400 X 1 = 334 x 100 ; that is to say, if a spar 
were ng<;ed out from her side till its end was 100 feet from 
her centre line, 334 tons suspended on it would only incline 
her 10'. Now, with the * Duke of Wellington ' (S-decker 
first-rate line-qf- battle screw ship\ only 50 tons suspended 
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on such a lever would create the same inclination. Or if 
the measure be based on the shij/s own dimensions, the 
Great Eastern would carry 800 tons at the extreme width 
of her own beam with an inclination of 10^ while the 
Duke of Weilinj^ton will carry only 170 tons similarly 
placed with the same inclination. Yet the masts and spare 
of the Great Eastern are in effect scarcely double those of 
the Duke of Wellington ; and the contrast will be intensi- 
fied, and its bad results increased, by every step taken in tlie 
reduction of top hamper, which a mistaken policy or theory 
may suggest. But exclusive of masts and spars, on which, 
when bare, the effect of the wind is trivial (the strongest head 
wind, when the sea is smooth, scarcely taking 5 per cent, off 
her speed), the effect of a very strong wind on her lofty side 
ought to be taken account of. If she has stability enough to 
bear the stress of a hurricane (broadside on), on this, with a 
moderate inclination, no more need be required of her. 
Her side may be taken as 3o x 700, and if we put 100 lb. 
per foot as the force of a hurricane, the total pressure will 
be about 1100 tons; and as the centre of effort for this 
force is about 30 feet above the centre of lateral resistance, 
the whole force may be considered as delivered at a leverage 
of 30 feet ; and this, according to the scale of stability just 
given, would incline her only 9*87°. Or if the ship were 
robbed of half her stability, were that possible, by stowing 
her cargo high, she would still bear the force of the hurri- 
cane on her broadside with an inclinati(m of only 19*74°. 
But were her stability thus reduced, her period uould be 
enlarged in the ratio of \^ 2 : 1, and would be S'S'' instead 
of 6^ ; and we have no reason to believe th.it waves of such 
period are ever formed." " The necessity of attending to 
the question of periodic time in reference to wave action 
is of far greater importance to large ships than to smaller 
ones, partly because in such ships the disuse of an external 
keel becomes almost a necessity, and although bilge pieces 
may be successfully substituted ibr a keel as a means of 
enhancing resistance to rolling motion, and thus limiting the 
accumulation of angle, their application, if on a scale suffi- 
cient for the purpose, involves structural difficulty and 
practical inconvenience; so that thus such ships are the 
more capable of the development of cumulative rolling 
motion, and partly because the larger the ship the greater 
is, cceteris paribus^ the stress called into play by motions 
she impresses on the weights she carries." 

Fincham, in his History of Ship-Building^ gives a re- 
markable instance of the extent to nhich the qualities of a 
ship may be influenced by other circumstances than her 
form. *' The Mutine, an experimental brig, built to com- 
pere with others, was beaten on the first experimental 
cruise, but she afterwards beat the others, alterations hav- 
ing been made in the trim of her sails and in her stowage. 
Alter the alterations, instead of rolling the shot out of the 
racks and the wind out of the sails, as before, she rolled 
little, and neither deep nor quick. At first her weights 
were carried too low down." 

The motions of a vessel are much affected by the pro- 
portions which the general dimensions bear to each other. 
An increase of length gives an increase of displacement, or 
if this is not desired, it allows of finer lines forward and aft, 
and it also increases the stability and the resistance to lee- 
way. The power of turning, tacking, wearing, or making 
any other cimnge in her course, is lessened by an increase 
of length ; but this effect may be much modified by dimi- 
nishing the amount of forefoot, or of dead-wood forward, 
which will alter the position of the resultant of the action 
of tiie water, and will consequently also require a corespond- 
ing alteration in the amount or position of the forward and 
af\ sails ; and as all weighu are multiplied by the squares of 
their distances from the centre of gravity of the ship for Uieir 
moments, the effects of weights forward and ail become 
much greater in long ships. 

The friction upon tlie sides of a vessel upon any addi- 



tional lent;th of parallel body amidships, appears to be very P«>roe« 
trifling, if we may judge from the results of cases where •cting on 
vessels have been cut in midships, and lengthened, without * ^^? *" 
any other alteration in their form having been made. The , "* "" 
following is a statement of the results obtained by lengthen- 
ing the Canada, a vessel belonging to the Peninsular and 
Oriental Company, by putting 35 feet into her amidships :— 
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Second trial 
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Draft forward 


18 ft. 6 in. 
18 ft. 6 in. 
18 ft. 6 in. 
63G feet. 
2,435 tons 
460 
1,415 
34^ to 37 
22 1b. 
26^ 
12,651 
20 feet 
15 ft. 6 in. 
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18 ft. 2 in. 

19 ft. 6 in. 
18 ft. 9* in. 
551 feet. 
3,036 tons 
450 

1.250 

31 

161b. 

26 

11,676 

21ft. 

15 ft. 6 in. 

3 


18 ft. 2^ in 

19 ft. 7 in. 
18 ft. 11 in. 
656 feet 
3.069 tons 
450 

aboat 1,400 
33 

20 1b. 
26J 
12.443 

21 feet 

15 ft. 6 in. 
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Area midship section... 
Difiplacement 
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Indicated horse-power. 
Revolutions 


Pressure 
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By increasing the breadth amidships, as well as the Breadth, 
average breadtli throughout the whole length of the ^ressel, 
while the length and depth are kept the same as befi>re, 
the stability, which varies as the cube of the breadth, is 
increased. As the angular momenta of the weights, esti- Effect 
mated from the axis of rotation, vary as the squares of their thereof on 
distances from that axis, and the momentum of the action ^?-* V 
of a wave is increased in the same proportion, therefore gjji'f 
the increase of stability is accompanied by increased vio- 
lence in the motions, and consequent increased strain 
on the combinations and materials of the structure, and 
thereby danger to the masts, by which the safety of the 
vessel may be compromised. The stability of a sliip of 
war, being the quality on wiiich the efficiency of her arma- 
ment is essentially dependent, and which also, by enabling 
her to carry a press of sail in circumstances of danger, as 
on a lee-shore, or before a superior enemy, requires special 
attention ; the only limit to its increase is involved in the 
consideration of easiness of motion. But if this considera- 
tion be neglected, and the breadth be such that the moment 
of stability in proportion to the moment of sail is so large, or 
of such sudden increase, that the masts are endangerea or 
the combinations of the structure prematurely destroyed, 
the object for which a large moment of stability was desir- 
able is frustrated. The breadth, therefore, is limited by 
easiness of motion. The best mode of ensuring stability iti 
to give a large area and great fulness and similarity of 
form immediately above and below the average water-line, 
as by this means the centre of gravity of the displacement 
will be kept at as short a distance as possible below the 
surface of the water, that is as high as possible. 

The depth of a ship, or her draught of water, may vary Depth, 
according to local circumstances, or the objects for which 
she is to be employed, or by a judicious arrangement of her 
other proportions and of her form, and the positions of the 
centre of gravity. Good ships may be produced varying con- 
siderably in the proportions of their depth to their breadth. 

An important consideration connected with the forming Alt«ration 
the design of a ship is involved in the gradual alteration ofo'"«»t in 
the vessel's seat in the water from the consumption of ^■**' ^'^'*' 
stores. It is not only essential that a ship should be pos-^^^^*" 
sessed of stability combined with easiness of motion, beg^or^ 
weatherly and quick in manoeuvring when she is stored and 
completed for foreign service as a ship of war, or fully 
laden as a merchant-ship, but it is equally essential that she 
should be possessed of these qualities towards the expira- 
tion of her cruise, or on her return light from her voyif^. 

The loss of stability which results from the diminution of 



SHIP-BUILDING. 



67 



Designing 
of Vessels. 



eaasing 

diminution 

ofsUbi- 

lity, and 

increased 

uneasiness. 



Difference 
of draught 
of water. 



Advan- 
togesof 
greater 
draught of 
water at 
the stern. 



Derigning 
of vessels. 



draught of water cannot be compensated by a prof)ortion- 
ate arrangement of sail, without incurring other evil conse- 
quences. If the quantity of sail, which at all times is com- 
paratively small in a merchant-ship, be lessened, the wind 
on the increased hull might so counterbalance its effect 
that she would be utterly unable to beat off a lee-shore, 
or make any way on a wind. 

A ship is not only subject to a loss in stability when 
lightened, but becomes laboursome, on account of top- 
hamper: her rolling motion is more violent as her dimi- 
nished depth in the water decreases the resistance which is 
opposed to the inclination, and she also generally becomes 
more leewardly, owing to the difference made in the result- 
ant of the resistance, the diminution of the lateral resistance, 
and of her power of carrying sail. 

It is almost a universal custom in all vessels to give a 
greater draught of water abaft than forward. In steam - 
vessels this is not necessary, and in sailing-vessels occa- 
sional attempts have been made to discontinue this prac- 
tice, as involving a supposed unnecessary increase in the 
water required for floating a ship ; but the increased draught 
of water for the after- body has been reverted to as essen- 
tially requisite in practice, in this class of vessels. 

There are several minor advantages which result from 
this arrangement ; such as the more easy and unchecked 
flow of the water to the rudder, and its consequent increased 
effect in governing the motions of the ship ; also the dimi- 
nution of the negative resistance which the vessel would 
otherwise experience from the greater difficulty with which 
the flow of water would fill the vacuity caused by the pas- 
sage of the vessel, if the fulness of the afler-body were 
such as would be required to preserve an even draught of 
water ; and again, tlte adjustment of the resultant of the 
resistanci. of the water to that position of the masts which 
experience has determined to be requisite for the facility 
of manoeuvring the sails. 13ut the principal reason for 
the inequality in the draught of water appears to be the 
advantage which results from it to the more easy regula- 
tion of the motion of the vessel by an adjustment of the 
resultant of the resistance of the water on the lee-side 
when on a wind. 

DESIGNING OF VESSELS. 

The considerations which lead to a settlement of the 
general dimensions of a vessel, and which must vary greatly 
according to the purpose for which she is intended, having 
been touched upon, it is proposed to give an outline of the 
course pursued in designing the form, or making the con- 
strtictive drawing, as it is termed, of any vessel. Three 
plans are required in all designs of vessels — the body-plan, 
the sheer-plan, and the half-breadth plan (see Plate III.) 
The form of the midship section, or a vertical cross-section 
at the point of greatest breadth, is generally the first por- 
tion of a ship that is designed ; fJie outline of the sheer- 
plan may then be delineated, and afler that the half-breadth 
plan may be begun. The vessel is supposed to be divided 
into a certain number of horizontal sections, and these are 
represented by the lines on the sheer-plan, marked 1st, 2d, 
Sd, 4th, and 5th water-line. The sheer-plan is either a 
vertical longitudinal section, or a side-plan of the ship, and 
on it may be delineated any point in her length or height. 
On the half-breadth plan are delineated the outlines of 
the horizontal sections previously referred to, and marked 
water-lines. These horizontal sections may either be pa- 
rallel to the keel or to the intended water-line of the vessel, 
if she is intended to draw more water abaft tlian forward. 
When parallel with the keel, they are sometimes called 
level-lines. The midship section is not necessarily in the 
middle of the length ; it is called dead-flat, and is always 
marked as shown on the plate. The length of the vessel is 
divided into any desired number of sections, and these sec- 
tions are marked forward and afl fire m dead-flat with dis- 



tinguishing letters and figures. The water-lines being also Deaiprning 
drawn upon the midship section or body-plan, the form of of Vessels, 
the body at each section in the half-breadth plan is ob- ^**^*v^^ 
tained by finding the distance from the centre-line at each 
water-line, and transferring it to the body-plan^ showing 
the sections of the fore-body and of the after-body on dif- 
ferent sides of the middle line. In addition to these lines, 
the vessel is supposed to be cut into various longitudinal 
sections, at given distances from the centre-line; these 
lines of section are shown on the half-breadth and body- 
plans ; and the form of the body where these cut the exte- 
rior stirface of the ship are shown on the sheer- plan ; they 
are marked Iv, 2v, 3v, on all the plans. The sections 
represented on all these plans must be fair and of easy cur- 
vature, and many little alterations will probably require to 
be made by the draughtsman, to get them to coincide. 

The constructor or designer is now in a position to test 
his work by making the necessary calculations. These 
will be comprised in ascertaining the area of the midship 
section, the area of the load-water section, the displace- 
ment, the positions of the centres of gravity of these two 
sections, and also the position of the centre of gravity of 
the displacement. 

The areas of the two sections, and the positions of their 
respective centres of gravity, are required to be determined, 
on account of the influence of these areas and their posi- 
tions on the content of the displacement, and the position 
of its centre of gravity, and also in consequence of their 
influence on the stability of the ship. If the results of these 
calculations do not accord with the intentions of the con- 
structor, or are inadequate to the development of his design, 
he must make such alterations in his curves or in his dimen- 
sions as he may consider necessary, before proceeding fur- 
ther with his design ; and if he shall have sufficiently 
informed himself on the theory of ships, he will be enabled 
to do so with considerable confidence at this stage of his 
progress, as to the final result of his work. 

These calculations are no doubt laborious, but they have 
been previously explained, and there is no difficulty in 
them, and any moderately educated assistant may soon be 
taught the readiest method of working them out The 
labour will be greatly fiicilitated by tabular forms, and 
further examples will be found in Mr Peake's work on 
Ship-building, and in one of a series of articles on Ship- 
building in the London Mechanic/ Magazine for 1859. 

Before the design can be considered complete, it is ne- 
cessary to ascertain the weight of the hull and of the whole 
of the proposed contents of the ship, and compare these 
with the calculated displacement It is seldom that these 
weights can be obtained with perfect accuracy, and it is 
therefore scarcely necessary in practice to go to any undue 
labour to bring out results to fractions. 

It is usual to delineate the results of the calculations of Seale of 
the displacement in the form shown in Plate IV., — the displace- 
curved line representing the displacement of tlie ship at ment. 
any draught. As a guide in commencing a design, it is 
also usual, and very useful, to know what proportion the o/^i^^,^ 
circumscribing parallelopipedon will bear to the body of g^rUjii^g 
the ship — that is, to muUiply the intended length, breadth, parallelo- 
and draught of water of the ship together, and deduct such pipedon. 
portion as will leave a body o(^ the desired fineness. The 
amount to be deducted, or the decimal fraction by which 
the parallelopipedon is to be multiplied, varies, of course, 
for every class of ship. 

The form of the midship section, and of the other sections Influence 
near it and therefore influenced by it, affects the question ^^^ °" 
of rolling, by affecting the position of the centres of gravity ^' 
of the displacement and of the ship and her weights ; but 
there is no doubt but that if it were possible to keep these 
centres of gravity relatively in the same position with dif- 
ferent forms of bodies, the rapidity and extent of rolling 
would still be influenced by the form, and be different. 
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No ruleM can be laid down definitely on tliiii subject ; but 
Mpn with a form of midihip section approaching a semi- 
circle have a bod ref>utation fur rolling ; as also those with 
A very rising Hoor, U accomjpanied with great beam, or such 
beam that the half-breadth exceeds the draught of water 
by more than 1 or 2 feet. A fiat floor is also injnrioun, as 
tending to keep the centre of gravity of the displacement 
too low. Some good midship-sections of sinps of various 
classes will be found in Fincham's Outlines of Ship-bmld- 
ing; but the great length now given to the fore and after 
bodies of ships renders the effect of the form of the mid- 
ship-section much less influential on the general properties 
of a vessel than formerly, when tlie proportion of length 
to breadth was so much fesii. 

For the water-lines of vessels no definite instructions 
have been attempted to be laid down that have been of 
any practical value. A few general remarks may be made, 
to the effect that certain degrees of sharpness seem suited 
for different degrees of speed— the faster the vessel the 
finer are the lines reouireu ; and if a moderate amount of 
power only be ap|)lie(i to a vessel, so that her speed cannot 
be great, it will be of little avail to give her finer lines tiian 
those suited to her actual speed. Hollow-water lines below 
the surface of the water seem to be beneficial for high velo- 
cities, but not at the water-line or above it, as the waves 
seem then to dash into the hollow and obstruct the vessel's 
wav, by their being confined and not passing freely away. 

In all the plates given with this article, vertical lines are 
shown. The form of vessels, in respect of the sections shown 
by these lines, would appear to have been too much neglected 
by naval architects. It is considered that the form of vessels 
at the bows or at the stern may be looked upon as made 
up of lines representing a wedge with its face vertical, and 
dividing the water sideways, combined with other lines re- 

J)resenting an inclined plane, as in the Thames barges, 
bodies of a wedge form were ex|)erimented upon by Colonel 
Btaufby, as also others, with an inclined plane forward and 
afl to comitare with them, and the results were decidedly in 
favour of tne inclined plane ; the inclined plane in the after- 
body having been proved decidedly su|)erior.^ The bodies 
which gave these results were those designated m^h^my and 
JK^fK and the experiments were conducted at the suriface, 
and not with the bodies totally submerged. 

The tonnagt» of a ship it her assumeii c*apacity for carrying 
cargo of any description. The ca()acity of space required 
for a ton of iron being very ditfcrent from that required for 
a ton of light goods, a certain number of cubic feet are 
necessarily taken as the measure of a vessel's tonnage. An 
empiricttl rule, founded u(H>n obsolete proportions of a ves- 
s«^Ps dimensions, continued in use iitr many years, serving as 
a measureinent, not only oi* builder^s tonnage, but also of 
the register tonnage fi>r re^^ting the dues payable by the 
ship. This rule is still continued by budders as the measure 
by which ships are bought and sold ; but as the price per 
ton may be varied in the same proportion as the dimensioiis, 
and ar^ known at the time of purchase or sale, do evil re- 
sults arise from this adherence to the old rule, however &r 
the measurement may be firom the truth. 

This rule for old or builder^s measurement was e8taX>- 
lished by act of Parliament in the reign of Geo. III. It 
enacted,* that '' the len^h shall be taken in a strai^t line 
afong the rabbet ot* the keel ot^ the ship, from the bdi^ of the 
main stem-po«t to a perpendicular line tirom the ibre-parts 
of the maittNaem under the bowsorit. The bre«hh also 
shall be taken trom the outside ot^the outside plank« in the 
broadest part of the shipi, either above or bek>v the main 
waW«, exclusive of aU manner of doubling planks that may be 
wfou^hl upon the sides of the ship.'* If the ship be afloai, 
the dueetiona are» ^to drop a phunb-line over the stera of 
tha ship, and meaauie the diatance between such line ^ the 



afler part of the stem-post, at the load water-mark ; then Tonnage 
measure from the top of the said plumb-line, in a parallel "pd De- 
direction with the water, to a perpendicular point imme- *"to1^° *** 
diately over the load water-mark at the fore-part of the y ^ ' ^ 
main-stem ; subtracting from such admeasurement the 
above distance, the remainder will be the ship's extreme 
length, from which is to be deducted 3 inches for every 
foot of the load drafl of water for the rake abafl ; from the 
length, taken in either of the ways above mentioned, sub- 
tract f ths of the breadth taken as above, the remainder is 
esteemed the just length of the keel to find the tonnage ; 
then multiply this length by the breadth, and that product 
by half the breadth, and, dividing by 94, the quotient is 
deemed the true contents of the lading." 

The existing act for ascertaining the tonnage is a great Existing 
improvement upon the above, and its directions are as fol-rule for 
low: — Divide tne length of the upper-deck, between the "•••'"]?■ 
af^er-part of the stem and the foremost part of the stem-™****®^ 
post, into six equal parts. Depth, — at the foremost, middle, * 

and aflermost of these points of division, measure in feet, 
and decimal parts of a foot, the depths from the under-side 
of the upper-deck to the ceiling at the limber-strake. In 
case of a break in the upper-deck, the depths are to be 
measured from a line stretched in a continuation of the 
deck. Breadths, — divide each of these three depths into 
five equal parts, and measure the inside breadths at the 
following points ; viz., at ^th and at f ths from the upper- 
deck of the foremost and atlermost depths, and at f ths and 
f ths from the upper- deck of the midship depth. Length, — 
at half the midship depth, measure the length of the vessel 
from the afler-part of the stem to the foremost part of the 
stern-post ; then to twice the midship depth add the fore- 
most and aftermost depths for the sum of the depth ; add 
together the upper and lower breadths at the foremost 
division, three times the upper breadths and the lower 
breadth at the midship division, and the upper and twice 
the lower breadth at the after-division, for the sum of 
breadths ; then multiply the sum of breadths by the sum 
of the depths, and this product by the length, and divide 
the final product by 3300, which will give the number of 
tons for register. If the vessel have a poop, or half-deck, 
or a break in the upper-deck, measure the inside mean 
length, breadth, and height of such part thereof as may be 
included within the bulkhead. Multiply these three mea- 
surements together, and dividing the product by 92*4, the 
quotient will be the number of tons to be added to the result 
as above found. In order to ascertain the tonnage of open 
vessels, the depths are to be measured firom the upper edge 
of the upper strake. In vessels propelled by steam, the ton- 
nage due to the cubical contents of the engine-room is to be 
deducted firom the gross tonnage thus found. It b enacted 
that the tonnage due to the cubical contents of the engine- 
room shall be determined in the folbwing manner : that u ^ 
to say, measure the inside length of the engine-room in feel, 
and decimal parts of a foot, from the foremost to the after- 
most bulkheaid, then multiply the said length by the depth of 
the ship or vessel at the midship division aforesaid, and the 
product by the inside breadth at the same division, at two- 
fifths ol'thedepth from the deck, taken as aforesaid, and divide 
tlie last product by 92*4, and the quotient will be deemed the 
tonnage due to the cubical contents of the engine-room. 

DESCSimOX OF PLATE& 
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Schomberg, 
I'Ute m. 

Lord of the 
Isles, Plate 
IV. 



pablished, has been great ; and it is to be hoped that so much public 
spirit as is now manifested in this respect may be rewarded by still 
further improvements upon the forms of vessels. 

The clipper sailing-ship Schomberg, represented in Plate III., Is 
a specimen of a first-class Aberdeen clipper, built by Messrs Hall 
of Aberdeen. 

The Lord of the Isles is a very fine iron vessel, built by Messrs 
Jn. Soott and Company of Cartsdyke, near Greenock. Although a 
sharp ship, she cairies a good cargo of weight and measurement 
• oods combined. On her first voyage from Clyde to Sydney she 
had 1300 tons of weight and measurement cargo on board, and 
made the passoge in 70 days — a passage which, it is believed, has 
not yet been surpassed. Her register tonnage Is 69IiW *^^^ i ^^^ 
her tonnage, by builders' measurement, is 770 tons. She al*o 
made a passage from Shanghae to London in 87 days, with 1030 
tons of tea on board. On one voyage she averaged 320 nautical 
miles for five consecutive days; and on her last voyage to China, 
in crossing the N.£. trades, her average way was over 12 knots. 

YaehU Plates V^. and VI. represent the rival yachts Titania (now 

Titania and Themis) and America, the prise having been carried off from all 
America England by the latter. The sections of the vertical lines are shown 
Plates V. <^poi> ^^ drawings of both of these yachts ; and if the verticul lines 
and VI« on the sheer-plan of the one are traced and laid upon those of the 
other, a marked difference in favour of the America will be appa- 
rent. The original Titania which ran against the America was 
subsequently burnt; but being of iron her hull was saved, and was 
restored under the name of Themis. A new Titania of larger 
dimensions was then built (Plate V.}; and a marked improvement 
in her lines as a whole is evident, though the America still excels 
her in the easy slope of the lines of the vertical sections at the 
bow and at the stem. 

Delta, Plate Plate Vil. is a representation of a paddle-steamer, the Delta. 

VII. The engines in this vessel were token out of a vessel of 500 tons, 

and put into the Delta, of nearly four times this tonnage, and the 
result is a specimen of what may be achieved by fine lines with a 
judicious application of power ; the larger vessel having nearly a 
knot more speed. 

Great East- Plates VIII. and IX. represent the Great Eastern. Her success 

em, Platen theoretically as a specimen of naval architecture has now been 

Vin. and fully estoblished. 



IX 

Bremen, 
Plate X. 



Plate X. is a repretentotion of the Bremen, a vessel whosa per- 
formances have been such as to attract special attention, and to 
lead the Committee appointed by the British Association for the 
Advancement of Science to make the following report concerning 
her: — 

** This Committee are aasnred, on authority which they believe 
to be nnqoestionable, that a certoin vessel, the Bremen,^ of 3440 
tons displacement at the time of trial, propelled by eng^es work- 
ing up to 1624 indicated horse-power, attoioed the sp^ of 13-16 
nautical miles per hour. Now, if we estimate the dynamic duty 

ys Di 

thos performed by the formula-r— ; = C, we shall hav the 

*^ ^ Ind. H.P. 

this co*efllcient of dynamic duty, resulting from the mutual relation 
of displacement, speed, and power, appears, ftx>m the stotemento 
which have been communicated to this Committee, nearly 50 per 
cent, higher than that realised by the average performance of the 
steamships of the present day. The following are the co-effidento 
of dynamic duty deduced by the foregoing rule from the perform- 
ances of mercantile steamers of high repute, of which the trial 
data have been communicated to this committee, vis. 325, 294, 291, 
288, 259, 248, 231, 230, and 204, and many others below 200. 

" This Committee, therefore, regard the Bremen as being a feli« 
dtous exemplification of naval architecture as respects type of 
form adapted for easy propulsion ; and as we conceive that the 
promulgation of some of the constructive elemento of this vessel 
may be of public importance, we are happy in being authorised 
and enabled, by Messrs Caird and Company, of Greenock, the con- 
structors of the ship and of the engines, to communicate to the 
British Association the following statistical data as to the elemento 
of construction of the Bremen : — 

Length between perpendiculars of stem and rud- \ oio ju^ 

derpost / ^^^ "^ 

Breadth of beam 40 „ 



Depth of hold 26 feet. 

Mean draught of water at the time of trial 18 ft. 6 in. 

Displacement (D) at trial draught 3440 tons. 

Area of maximum immersed section (A) at the ) ^^^ ^ 

trial draught / «<>6 sq. ft 

Distance of maximum section (A) measuring ftx>m I « .g ^^ 

the stem » J 

Constructors' load draught | [^['^''^f \l ^^^ 

Displacement at constructors' load draught 3440 tons. 

Rate of ships' displacement at constructors' load 1 25 tuns per 
draught J 

if 




inch. 

[Area of inunersed vertical section at the ^ 

distance- of ^ length measuring from I 256*5 sq. ft 



Do. 


i 


do. 


do. 


Do. 


i 


do. 


do. 


Do. 


1 


do. 


do. 


Do. 


{ 


do. 


do. 






being] 



486 
606 
489 
253 5 



Displacement at draught of 4' 7} 

i loflul draught 

Displacement at draught of 9' 3^, being ^ 

load draught 

Displacement at draught of 13' 10}^ being 

f load draught 

Displacement at draught of 18' &', or load \ oam/x 

draught J ^*" 



300 tons. 
1165 „ 
2240 „ 



*' The foregoing data afford all the particulars required for the 
construction of Peake's curve of vertical sections, whence may be 
deduced the position of the vertical line passing through the centre 
of gravity of displacement, and also the positions of the centre of 
gravity of the fore and aft bodies respectively. 

" It will be observed, from the foregoing dato of the constnic- 
tivo elemento of the Bremen, that the maximum immersed section 
is at the middle of the length, and that the vertical sections sre in 
such ratio to each other, with reference to their respective posi- 
tions, that the curve of vertical sections will be a close approxi- 
mation to a parabola. 

'< The ratios deducible from the foregoing particulars of con- 
structive data, combining Teake's curve of immersed vertical sec- 
tions with the curve of displacement, will give a close approxima- 
tion to the type of form of the immersed hull. 

*' The engines of the Bremen consist of two direct-acting inverted 
cylinders, 90 inches diameter and 3 feet 6 inches stroke, fitted with 
expansion-valves capable of working expansively to a high degree. 
All parte of the engines are felted and lagged with wood wherever 
practicable, the lower 1 6 feet of the funnel being surrounded by a 
casing forming a superheating chamber, the steam entering at the 
lower end, and passing off at the top into the steam-pipes leading 
to the cylinders. 

** On the important question as to the extent to which the ordi- 
nary smooth-water trial of a steamer affords a criterion of the 
general average performance that may be expected of the vessel at 
sea, this committee has not been able to obtain such an extent of 
returns of the comparative smooth -water trials and sea perform- 
ances of the same ships as enable them fully to respond to this part 
of the inquiry, and they refrain from expressing any speculative 
opinion, because they have adopted the principle which they desire 
to recommend to the notice of the British Association, that shipping 
improvement is to be discovered by statistical record and analysis 
of the constructive elemento of ships that have practically shown 
themselves to possess good sea properties, rather than by assuming 
the mere theories of opinionative speculation, from whatever source 
such opinions may emanate; in short, that experience of actual 
performances at sea, statistically recorded and utilised by being 
made the basis of comparison, is the most reliable base on whi^ 
to construct an inductive system of progressive improvement in 
naval architecture and marine-engine construction. This commit- 
tee, however, have much satisfaction in being enabled to commence 
this inquiry by recording the sea performance of the before-men- 
tioned vessel Bremen, on a passage from Bremen Haven to New 
York and back, during the months of June and July last, during 
the whole of which passages indicator-cards were frequently taken, 
and the indicated working power of the engines ascertained. On 
the out-passage the mean displacement was 2878 tons, the mean 
indicated horse-power was 1078, and the mean speed 10'28 knoto 
per hour, giving a coefficient by the formula referred to = 204 ; 
but on the retnm-paisage the mean displacement was 2990, the 



^ The Bremen is referred to as being the vessel which gave the highest co-efficient of dynamic performance of any vessel which waf 
bfonght before the Committee, and of which the statistiod data of construction were also given in a complete form. 
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mean indicated hone-power 1010 and the mean speed at the rate 
of 11*92 linots per hour, giving a co-efficient = 348. Hence, the 
mean co-efficient of the oat and home passage = 276, being about 
13 per cent, below the co-efficient (319) obtained on the smooth- 
water test-trial of the ship. The state of the weather and the sea 
was also recorded daily : it appears to have been adverse on the 
out passage, but favourable on the home passage. The committee 
are therefore of opinion, that by following up this course of sta- 
tistical record of the smooth-water trial and subsequent sea per- 
formances of ships respectively, a tabular statement might be com- 
piled, showing the probable ratios of the cx>efficiente of smooth- 
water and sea performance, corresponding to the various rates of 
speed for which steamers may be respectively powered, whence the 
smooth-water test-trials of ships may be made available as approxi- 
mately indicative of the sea service capabilities of ships as respects 
their dynamic properties. 

" Such are the statistical data of the constructive elements and 
dynamic capabilities of the Bremen ; and if all steam- vessels engaged 
in the mercantile transport service of Britain were equally effec- 
tive as respects the mutual relations of displacement, speed, and 
power ; that is, capable of producing a coefficient of dynamic capa- 
bility := 319, by the formula referred to, it is probable that the 
prime cost expenses of steamship transport per ton weight of cargo 
conveyed on long passages would, on the aggregate of the foreign 
trade of Britain, be reduced not less than 25 per cent, as compared 



with the prime cost expenses incurred by steam-vessels of the 
average dynamic capability in present use.*' 

Tabulated results of the performances of many vessels 
will be found in the article Steam Navigation ; but the 
following results of the trials in smooth water of four of the 
vessels, whose lines and dimensions are given in the plates, 
may be quoted here : — 




Name of ship. 


I>raairht 
of water. 


Tndieated 
Horse-power. 


Speed la 
knots. 


Delta 


ft In. 

16 
18 6 
18 3^ 

17 3 


1612 
2054 
1373 
1422 


11-609 
13-340 
12-633 
12149 


Ceylon 


Pera 


Nubia 





Plates XI., XII^ XIIL, and XIV. are specimens of very Per*. Plate 
fine vessels in the fleet of the Peninsular and Oriental Com- XL 
pany. The Pera is especially celebrated for her perform- 
ances, as also the Ceylon. The following table is interest- 
ing as showing the performances of the Nubia on her actual 
voyages at sea : — 



S.S. ^VBiA.— Calcutta to Suez. 



Fabia, 
Plate XII., 
and Ceylon, 
PlateaXm. 
and XIV. 



Voyage. 



Sandheads to 
Madras, 
668 Miles. 



Time. Speed. 



Madras to 

Point de Oalle, 

64ft Miles. 



Time. Speed. 



Point de Galle 
to Aden, 
21S4 Miles. 



Time. Speed. 



Aden to Sues, 
ISOSMilea. 



Time. Speed, 



Under Weigh. 



Under Steam. 



SandheadB to 

Suez. 

4650 Miles. 



Galea tta to 

Suez, 
4767 Milea 



Arer. Speed. 



Sandheadi 
to Sues. 



Coal Consnmptloiu 



Calcatta to Snes 
per 



Voyaxe. Hour. 



MUe. 



No, 
4 
5 
6 
7 
8 
9 



B. M. 

52 25 

66 55 

67 5 
54 55 
56 
59 40 



43 8 
52 30 

56 5 
46 30 
42 20 

57 



X. F. 

12 5 

10 3 
9 6 

11 6 

12 7 
9 4 



178 55 
201 27 
244 55 
193 48 
166 28 
176 50 



11 7 

10 5 
8 6 

11 

12 6 
12 1 



114 20 

112 45 
124 30 
118 

113 58 
124 40 



388 48 

433 37 

492 35 

413 13 

378 43 

418 10 



431 
464 
530 
474 
411 
441 



12 
10 
9 
II 
12 
11 



Tona. 
974 
1140 
1194 
1058 
1046 
1 1090 



I 



e. qr. lb. 
45 22 

49 15 
45 6 
44 2 16 

50 3 17 
49 1 23 



e. qr. lb. 
4 11 
4 3 
6 
4 1 
4 1 
4 2 



Under weigh, 27,900 miles \ m^*., I okok a 

Under .team, 28;542 mile.) ^°^^ ^^26 6 

Average 420 51 



2751 
458 30 



11 



6502 
10831 



47 1 2 



4 2 6 



Suez to Calcutta, 



Voyage. 



""iSJvM- «•«>£&•. 



Time. 



Speed. 



Time. 



Speed. 



Point de Oalle 
to MadrM, 
615 Miles. 



Time. 



Speed. 



Madras to 
Sandheads, 
66S Miles. 



Time. Speed. 



Under Weigh. 



Sneito 
Sandheads, 
4650 Miles. 



Under Steam. ATer. Speed. 



Snes to 
Caleatta, 
4767 Miles. 



Sae. to 
Sandheads. 



Coal Consumption. 



Suei to Calentta 
per 



VoyageJ Hour. 



MUe. 



No. 

♦3 
5 
6 
7 
8 
9 



112 16 
108 10 
112 
122 10 
129 40 
118 15 



H. M 

178 
174 40 
190 55 
206 30 
194 15 
192 10 



51 15 
44 50 
48 50 
53 
47 25 
47 20 



B. M. 

55 30 
50 45 
52 30 
66 25 
55 15 
47 46 



12 

13 0^ 
12 5 
10 1 

12 

13 7 



U. M. 

397 

378 25 

404 15 
447 6 
426 35 

405 30 



431 
433 
443 
478 
454 
434 



M. 










K. r. 

11 6 

12 2 
11 4 
10 3 

10 7 

11 4 



Tons. 
1060 
1092 
1048 
1176 
1174 
1082 



o. qr. Ih, 

49 21 

50 1 
47 1 
49 

51 2 
49 3 



21 
7 
23 
24 
12 



e. qr. lb, 

4 1 23 

4 2 10 

4 1 18 

4 3 22 

4 3 23 

4 S 6 



Under weigh, 27,900 mile. \ - ^ 

Under .team, 28,542 mile.] *^*** 

Average 

Under weigh, 65,800 mile. 1 ^ . - 
Under steam, 57,084 mile. / ^"^° ^®^* 
Average 



2458 50 
409 62 



2673 
445 30 



11 3 



6632 
1105i 



49 2 14 



4 2 16 



4983 66 



6424 



13134 



11 li% 



48 1 20 



4 2 11 



Dietance in calcalating speed taken from Sandheads ; bat, in calculating con.omption of coal, the whole dietance to Calcutta i. 

taken. — Coal account not available for other dLtance.. 

• Instead of Toy ape 4, on which iron shaft was broken. 
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Materials MATERIALS USED IN SHIP-BUILDIKO. 

used in 

Ship- Nothing can be more important to the naval architect 

^ uuding^ than a thorough knowledge of the properties of the mate- 
^-^^s/^^^ rials with which he has to deal. He requires this to enable 
Import- j^inj jQ dispose them to the greatest advantage, and with 
knowLdffe *^^ ^^^^ possible expenditure; and thus to produce a well- 
of {he pro- proportioned structure of great and uniform strength. The 
perties of introduction of iron as a material for ship-building has en- 
materiaU. larged this field of inquiry, and has led to much discussion 

as to its merits in comparison with those of timber. 
Timber. The properties of timber will be first considered. A 

lengthened examination into the nature and qualities of the 
different varieties used in ship-building cannot, however, 
be attempted here, as the space which can be allotted to 
the subject will not admit of more than a few practical 
observations. Deterioration and decay, in timber-built 
Durability, ships, may result either from the decay to which timber 
itself is subject, in common with all organic matter, and 
which may be hastened or retarded according as destruc- 
tive or preservative influences are brought into action ; or 
they may be the consequences of an injudicious combina- 
tion of destructive agents with the inorganic compounds of 
the timber, thus inducing not only premature but unnatural 
decay. All large masses of timber in close contact are 
subject to deteriorating influences, such as a high degree of 
temperature, an increase of moisture, or a want of free 
circulation of air. These and other agencies, by promot- 
ing fermentation, lead to the first stage of decomposition, 
whereas the reverse of these conditions would in like man- 
ner retard its progress. Moisture as well as heat is neces- 
sary to produce fermentation, but when heat and the other 
agencies are at work, moisture will generally be found to 
exist, either left in the timber itself, or absorbed by it firom 
the atmosphere. 

Decay of timber, when accompanied by the growth of 
fungi upon its surface, has received the name of dry-rot 
This term was probably applied to it in consequence of the 
peculiarity, that wood so decomposed becomes a dry friable 
mass without fibrous tenacity, the parasitical fungi robbing 
the timber of its substance to support their own growth. 
In general, decay, when it takes place in this particular 
form, may be traced to imperfectly seasoned material, and 
the inference may be drawn with a considerable degree of 
probability, that the natural juices of the timber are neces- 
sary to the growth of fungi, and consequently that if these 
juices could be entirely abstracted or destroyed, this species 
of decay might be prevented. It does not follow that the 
presence of any of these juices will necessarily produce dry- 
rot, should the circumstances in which the timber is placed 
be such as to tend to their dispersion, or to their remaining 
in a dormant state. But as they do undoubtedly remain in 
much timber that is considered seasoned^ any alteration of 
circumstances to prevent a free circulation of air, to lead 
to a deposition of additional moisture, and at the same time 
to an increased temperature, will in all probability induce 
the growth of fungi, and cause the destruction of the 
timber. 

In ships, the frequent presence of these injurious ele- 
ments must necessarily tend to produce fermentation. But 
though these facts are perfectly well known, it is remark- 
able how little attention has been paid to the necessity of 
a free circulation of air upon the timber of such parts of a 
ship as are below the surface of the water. This may be 
effected in various ways, though it is doubtful whether in 
all cases the current of air produced by natural causes 
would induce a sufficiently rapid circulation. This sub- 
ject was forcibly brought before the Admiralty by Mr 
Creuze in 1827, but was not taken up or acted upon. In 
the navy, the decrease of expense which would be occa- 
sioned by any increase of durability in ships, kid up in 
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ordinary, would be great ; and in reality, with proper care Materials 
and arrangements, there is no reason why the timbers of a ^^ io 
ship so situated should not be almost as durable as the same 
wood employed in houses and other structures. The ex- 
pense caused by decay is even greater in ships than in ^"^^^^^^ 
houses, yet the attention paid to the subject has been in 
an inverse ratio. The same facilities for the prevention of 
decay are not available for ships in commission, and if tlieir 
timbers should have been unseasoned, or have had much of 
the natural sap lefl in them, dry-rot must almost necessarily 
ensue. It may be especially looked for in ships sent to a 
warm climate immediately afler their construction, and ex- 
posed to a high temperature, and of its attacking these, 
many instances have occurred even within the last few years. 
The same evils exist to a greater degree in merchant- 
vessels. Private ship-builders are unable to. keep their 
capital locked up in a large stock of the different classes of 
timber fit for the different ships they may be called upon 
to build, and as the purchaser ordinarily requires a speedy 
execution of his order, the use of unseasoned timber is the 
necessary consequence. No better arrangements for the 
prevention of decay seem to be made on board of merchant* 
men, after they are built, than on board of men-of-war. 
Lloyd's register of shi[)ping may be said to have an injuri- 
ous influence on this question. The register is kept by a 
joint-stock company, and a committee of their body com- 
posed of ship-owners, merchants, and underwriters, with a 
staff of professional surveyors, have laid down a code of 
rules for the construction of ships as a guide to their classi- 
fication on survey. By these rules, a ship built of the very 
best species of timber, thoroughly seasoned, can be classed 
as a first-class ship for twelve years only ; a renewal for 
eight years may be obtained, but not without much trouble 
and expense ; and further extension again of four years 
involves another expensive survey. Sufficient inducements 
are apparently, therefore, not held out for increasing the 
durability of ships. Many teak-built ships have lasted 
longer than these assigned limits, and yet no attempts have 
been made to rival them, thus leading to the belief that 
Lloyd's rules have had the effect of rendering builders and 
owners satisfied with existing results. It has been argued 
that, to season a ship after she is built, by a free circulation 
of air, will cause shrinkage, and thus injure the good fit- 
ting and the strength of the fabric, and that it will strain 
the fastenings, and admit damp, and thus cause the decay 
it was intended to obviate. In reply to this it may be urged, 
that shrinkage could never be produced to this extent on 
the timbers of a ship by the circulation of air, had they not 
been in such an unseasoned state as to be totally unfit for 
use ; and that even in such a case, it would be far better 
to take the chance of less certain mischief, than to leave 
the ship to inevitable destruction by dry-rot. These remarks 
show the importance of well-seasoned timber for ship- 
building, and have been insisted upon here, not from any 
supposed want of general knowledge of the fact, but to 
show the importance of applying the means which exbt to 
remedy the evil. 

It must be evident that when timber is to be closely 
jointed to other timber, to form a compact mass, the whole 
should not be wet with rain, or water-soaked when put in 
place. The importance of this is recognised by Lloyd's 
rules allowing one year to be added to the prescribed period 
of durability of any ship built under a roof. All vessels 
laid down in royal dockyards have this advantage. 

Different species of timber are possessed of very different DifTerent 
qualities, both as regards their durability and their strength, qualities in 
Oaks and other hard close-grained woods, being the most**^*'*"^"* 
durable, are chiefly used for the fi-ames of ships. The^^^'^ 
juices of the oak are of an acid nature, and besides the 
ligneous, which it has in common with other woods, it con- 
tains the Gallic aoid peculiar to itself. Oak when used in 
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Materials an unseasoned state is extremely liable to dry-rot, which 
used in in gome cases has been found to destroy it in the space of 
B^ud^ a few months. Teak is a very valuable timber for ship- 
\J^^l building, but like other woods it varies much in quality 
^^^ according to the soil in which it is grown, and consequently 
requires great care in its selection. Morning saul, green 
heart, morra, and iron-bark, are also valuable* woods. Like 
teak they are extremely durable, and are more oily and 
resinous in their nature than oak. The whole of the fore- 
going are classed together by Lloyd's committee as supe- 
rior woods, and are admitted for the construction of ships 
classed for a dm^bility of twelve years. The general 
classification of woods by this committee is as follows: — 



Mahogany of bard texture, Cuba Sebicu, and pencil ' 
cedar, Adriatic, Spanisb, and Frencb oak 

Bed cedar, Angelly, and Venatica; other continental 
\rbite oaks, Spanish chesnut, stringy bark, and blue 
green 

North American white oak, and American sweet chesnut 

Larch, hackmatack, tamarac and juniper, pitch pine ) 
and English ash j 

Cowdie, American rock elm 

Baltic and American red pine, European and American 1 
grey elm, black birch, spruce fir, Bnglish beech j 

Hemlock 4 



10 years. 

9 „ 

8 „ 
7 „ 
6 „ 



There are some slight variations in the durability as- 
signed to these when used for other parts of the ship than 
the ribs or frames. Elm, which decays very rapidly when 
alternately wet and dry, is very durable if kept constantly 
submerged in water. On this account, as well as for its 
qualities of strength and toughness, it is well adapted for 
the keels of vessels. Other woods will be mentioned here- 
after when the sources of the supply of timber for ship- 
building are considered. 
Means of The difficulty of obtaining properly seasoned timber 
preserving whenever it may be wanted, and the great expense attend- 
timber. jy,g ^jjg ^Qj\y Jecay of unseasoned timber, have led to 
various means being proposed for its preservation. Satu- 
rating the timber with various chemical compounds, has 
been the method generally suggested for its accomplish- 
ment. In India, Machonochie, by steaming his timbefi 
and then condensing the steam in the tank, and producing 
a partial vacuum,. endeavoured to dissolve and carry off the 
juices of the timber, and he then submerged it in an oil 
StMming obtained from the chips and sawdust of teak. Steaming or 
and pick- stoving timber has always been considered advantageous 
ling tim- for wood used in a green state. Exposing it to the action 
**•'• of water has been iidvocated with the same view, and this 

certainly tends to shorten the time required for weather 
seasoning thereafter. About 40 years ago the timber used 
in the royal dockyards was ordered to be submerged in 
salt water for some time, and then stamped with the word 
** salt" Pieces of sound timber with this mark are found in 
Corrosive men-of-war up to the present day. Mr Kyan patented a 
sublimate, process for preserving timber, by saturating it with corrosive 
sublimate; and Sir W. Burnett, late Medical Director- 
Chloride of General of the Navy, patented the use of chloride of zinc, 
line bm i^i^h neither of these processes is the effect in all cases 

Creosote, certain. Creozote appears to preserve timber with greater 
certainty than any other chemical material yet used. The 
timber is put into a close tank, the air is abstracted, and 
the vacuum is kept up for two or three hours by continued 
pumping, to allow the air to escape from the pores of the 
wood. The creozote is then introduced, and is forced into 
the tank, until a pressure of about 150 lb. to a square inch 
is obtained. This pressure is kept up by continued pi:mp- 
ing during successive days for forty-eight hours, or lor as 
long as may be required to make the timber absorb the 
requisite amount. This process is chiefly used for pine Um- 
ber. Yellow pine should absorb about 1 1 lb. to the cubic 
foot, and Riga pine about 8 lb. The timber is weighed 
before it is put into the tank, and again after it is taken 



out, to ascertain the amount absorbed. Should this prove Materials 
less than the amount required, it is returned to the tank tued in 
for a repetition of the process. Ship* 

Creosoted timber has hitherto been chiefly used by civil ^ "^^^°^' 
engineers in land and sea works. The objections to its use ^"^^'^'^^ 
in ship-building are its offensive smell and its great inflam- 
mability. Its power of protecting timber from natural decay, 
and of resisting the toredo novalis, or any of the other 
worms to whose ravages ship's timber is subject, if it be not 
thoroughly covered with copper sheathing, appear to render 
it peculiarly fit for such a purpose as doubling upon a ship. 
If found to answer, it might be used in thin boards as a 
sheathing instead of copper. 

Another process which is applicable to the preservation of Dr Bon- 
certain descriptions of straight-grained and porous timber, cherie's 
has been patented by Dr Boucherie, a French chemist otv^^^^'^ 
note, and been brought forward in this country by a com- ^u t/**!* 
pany formed for the maintenance of the permanent way of ^^^ 
railways. They have published the following information 
respecting it. Instead of using great pressure, as before 
explained, to impregnate the tree, a moderate pressure only 
is applied to one end of it ; the effect is to expel the sap, 
and fill the tubes or pores of the timber with the preserving 
liquor. The tubular structure of trees has been long 
known, and Dr Boucherie's process shows that no connec- 
tion exists between the tubes laterally. Colouring liquid 
applied in the form of a letter or word at one end of the 
tree appears in the same shape at the other. The fluid 
used by Dr Boucherie is a solution composed of one part 
of sulphate of copper to one hundred parts of water by 
weight. The specific gravity of the solution, when ot 
proper strength, at 60* Fahr., is 1*006, or nearly so. A 
water-tight cap is placed on one end of the tree which is to 
be saturated, and the solution is introduced within it by a 
flexible tube. The pressure required not being more than 
fi*om 15 to 20 lb. on the square inch, it may be obtained in 
a very simple way, by raising the tank which contains the 
solution 30 or 40 feet from the ground. When the pres- 
sure is applied the sap runs in a stream from the opposite 
end of the tree ; and a ready means exists of discovering 
when it is exhausted and the whole length of the tree 
penetrated, by rubbing the end with a piece of prussiate of 
potash, which will leave a deep brown mark when brought 
into contact with the copper of the solution. The sap and 
surplus solution, should any pass through the tree, may be 
pumped back into the reservoir, the sap being a better 
solvent of the sulphate of copper than water, it it should 
happen to be impregnated with lime or other impurities. 
There are certain kinds of timber which are impenetrable 
by the solution applied in the manner described. It 
answers best with trees that are the least costly, as beech, 
birch, larch, Scotch fir, alder, elm, poplar, &c. Trees felled 
any time between November and May may be prepared in 
the latter month. But when they are cut down in May or 
any month between then and November, they should be 
prepared within three weeks of the time of felling. It has 
been found, in the preparation by this system of vast quan- 
tities of timber for the French navy and railways, that the 
time necessary for the operation depends both on the length 
of the tree and on the description of timber. Trees of 40 
feet in length, prepared at Fontainbleau for the French 
navy, required finom eight to ten days to become sufficiently 
impregnated 5 whereas for lengths of 9 feet only, the pro- 
cess was accomplished in twenty-four hours. A summary 
of experiments made in Derby with this process is given 
in the following table. It wiU be observed firom tlie facta 
Uiere stated, that the pores of the poplar are more pervious 
than those of other woods ; and the rapid and large absorp- 
tion of the fluid by the memel timber shows, that the pores 
of fir timber, when the natural juices are dried up, still 
afford a continuous channel for its flow : — 



SHIP-BUILDING. 



73 



Materials 
used in 










Summary qf Experiments. 
























1 






Ship. 






















Total 






Building. 


No. 














Amoimt of 

forced oat 
before 
Solation 


Amonnt of 


Time 


Amoant 
of Sola- 


Time 


Amoant 
of 


W,,-^ 


of 
Ejc- 

peri- 


Date. 


DeteriDtion 
Wood. 


When oat down. 


Length. 


Diameter. 


Cable 
Con- 
tant. 


Solation 

used to eflbet 

this. 


in forcing 

pare Sap 

oat. 


tion ran 
oat of 
Tank 


of 


Solation 

asedpei 

eabe 




ment. 














perceptible. 






daring 
opera- 
tion. 




foot. 












Feet. 


Inches. 


FmU 


Qaarts. 


Quarts. 


Hoars. 


Unarts. 


Hoars. 


Quarts. 




1 


April 29, 1866 


Beech 


January, 1856 
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104 
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May 1, 1856 


Spruce Fir 
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May 5, 1856 
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18i 
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One great advantage attending this method, and which 
is likely to render its application very general, is the inex- 
pensive nature of the apparatus required. 
Weather Seasoning timber, by exposing it for a lengthened period 
seaaooing. without subjecting it to any other process, has received 
much attention, and much controversy has arisen upon the 
best mode of carrying it into effect. It may perhaps be 
stated as the general opinion, that rough timber may be 
improved in this country by stacking it off the ground, 
that it may not be injured by damp. Sided timber, thick 
stuff, and plank, should always be stowed under sheds, and 
these must be airy and well ventilated, without partial 
draught which could affect the ends or any one portion of 
the timber more than another. Two or three years are 



required to season these descriptions of timber to a mode- 
rate degree only. Mast spars are best protected when 
submerged under water, and if buried in mud they are still 
more effectuallly preserved. Boards of mahogany or fir 
are well seasoned by being stacked on end in the open air 
without covering, but raised a little from the ground to 
avoid damp. In the royal yards it was formerly the custom 
to allow ships to stand in frame for various periods before 
they were planked, but the necessity of building ships 
rapidly has of late years precluded the possibility of doing 
this ; and the evil effects have been too apparent. The fol- 
lowing tables show the results of weather seasoning, as 
collected by Mr Fincham, and published in his work on 
the Outlines of Ship- Building : — 



Tahle of A Table of the Shrinkage and Loss of Weight in Seasoning, of the principal Timbers used in Ship-building ; 
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6 6 
6 5 

6 
8 
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A Table of the Transverse Shrinkage in Seasoning of Board, 12 inches square and halfan-inch thick : the period of 

seasoning was thirteen years. 
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*0P T»f ,. 
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Seasoning timber by exposing it to a current of heated 
air at a higher velocity than is engendered by natural 
causes, was introduced by Mr Davison. The desiccating 
process, as he terms it, and as explained by him to the 
institution of civil engineers in 1863, consists in impelling 
rapid currents of air dirough a chamber or chambers con- 
taining the wood ; spaces being lefl between the ranges or 
tiers of timber for the heated air to act uniformly upon all 
its sides. The moisture, as soon as it is cooled, passes in- 
stantly away through an opening in the roof of the chamber, 
and this appears to be a distinguishing and essential feature 
in the process. The wood remains in the chamber until 
by weighing a sample from time to time, the whole aqueous 
matter had been expelled firom its pores. Charring wood 
in a sand-bath was practised in the beginning of the last 
century, and apparently with some success ; but the heat 
must have been much greater than that employed by Davi- 
son, and the process probably was much more rapid. In car- 
rying out the desiccating system, attention must be paid to 
the following points : — Different woods and different thick- 
nesses of wood, require different degrees of heat; hard 
woods and thick logs of wood require a moderate degree 
of heat, from 90° to 100** Fahr. The softer woods, such as 
pine, may be safely exposed to 120^ or even to a still 
higher temperature ; and when cut extremely thin and 
well clamped, 180° or 200** have been found rather to 
harden the fibre and to increase its strength. Honduras 
mahogany in boards of one inch in thickness may be exposed 
with advantage as regards colour, beauty, and strength, to 
a heat as great as 280° or 300° Fahr. A slab of Honduras 
mahogany 1^ inch thick, cut firesh from the log, was wholly 
deprived of its moisture, amounting to 36 per cent by 
exposure to the temperature of 300** for fifty consecutive 
hours. In practice, however, it is found that from 1 15^ to 
120® of temperature brings almost every kind of timber in 
slabs or boards of moderate thickness, safely and steadily 
towards complete desiccation in a comparatively short space 
of time. For boards up to 4 inches thick, one week is suf- 
ficient for every inch of thickness, thus one week for 1 
inch thick, and four weeks for 4 inches thick, but beyond 
this thickness the proportions require to be increased. For 
6 inches thick, seven weeks should be allowed ; for 8 inches 
ten weeks, and so on. These periods are fixed on the 
supposition, that the rapid forced current of heated air will 
be kept up only during the day of twelve hours, and that 
the chamber will then be closed till the following morning, 
that being the customary mode of working. 

English oak requires more than ordinary care when thus 
prepared. It should never be exposed under any circum- 
stances for any length of time to a higher temperature than 
105° ; more intense heat has been found to act upon the 
Gallic acid, or on the fibres in some peculiar way, so as to 
produce internal fissures. Mr Davison also stated, tliat 
still heat like that of an oven had an effect upon wood 
totally different firom that produced by a current of heated 
air. In the one case the fibre is rendered short, brittle, 
and weak ; in the other, all that is valueless is driven away, 
and the albumen becomes solidified or coagulated into a 
hard compact substance, and the fibres gain a great increase 
of strength and rigidity. Seasoning under ordinary de- 
grees of temperature has a completely different effect on 
die albumen, which, if not previously dissolved or washed 
out by any of the processes previously referred to, remains, 
when dried, in a soft spongy state, ready to become an 
absorbent of moisture. 

It has been found by experience that 100 feet per 
second is the best velocity for tlie current of heated air, 
and with a proportionate area of inlet-pipe, a sufficient 
quantity should be delivered into the chamber to cause a 
complete displacement of the air and moisture in three 
minutes. If a desiccating chamber contains 30,000 cubic 




feet of air, 10,000 cubic feet ought therefore to be pro- 
pelled into it per minute, care being at the same time 
taken that the area of the outlet or outlets for the escape of 
the moisture exceed the area of the inlet-pipe, and that they 
be so arranged as to avoid a direct current between them. 

The Board of Ordnance adopted this system for gun- Seasoning 
stocks in 1840. Previous to its introduction, about *>y dericca^ 
400,000 stocks were undergoing regularly a course of sea- *!**"» ?"*' 
soning, each requiring to be turned once or twice every *°"** 
year to avoid the ravages of worms or decay. In a report 
from Mr Lovell, then her Majesty's inspector of fire- 
arms, he states respecting some gun-stocks subjected to 
the process : — " One half of the number were quite fresh 
cut and. green wood, the other moiety had been abour 
twelve months in store 5 the total weight before the pro- 
cess was 536 lb. 9 oz.; and afker sixteen davs' exposure 
to a current of air heated to 110**, or 114' Fahr., that 
weight was reduced to 413 lb. 14}^ oz. ; that is to say, 
122 lb. 10^ oz. of moisture had been driven off. Some of 
the stocks -had been purposely selected with seen cracks in 
the butts and other faults, for I expected that those cracks 
and faults would be exaggerated by the heat of the cham- 
ber. But the result was not so ; on the contrary, they were 
closed considerably behind the marks that had been 
stamped upon the ends of them before they were put in, 
and the whole number of stocks came out in good condi- 
tion, and fit for immediate use." He proceeds to say, — 
" The wood is better seasoned than when dried in the open 
air ; 1^^, Because the albumen being dried on the pores and 
in the capillary tubes, renders the fibre stronger and less 
liable to absorb moisture; 2d^ The wood is stronger, 
tougher, and, of course, more capable of withstanding the 
effects of violent vibration from the latemal adhesion of 
the fibre being better preserved ; 3^, It works snooother 
and more waxy under the chisel, and has less tendency to 
speel and crumble away, which is generally the great fault 
of steam-dried timber. I have now worked nearly 30,000 
desiccated stocks, none of which had been under the pro- 
cess more than twenty-one days ; and my opinion is very 
decided, that the wood is more thoroughly seasoned, and 
with much greater certainty, than if it had been merely 
exposed to the open air in the usual way for three or four 
years. The desiccating chamber created in the royal 
manufactory at Enfield continues in full activity. The 
heat is kept down to a medium degree, between 90° and 
100°; and at this temperature it delivers the stocks per- 
fectly seasoned in fourteen to sixteen days, according to the 
quality of wood, whether of sap or heart ; and I propose to 
subject the whole of the stocks to it in future, whether 
they have been air-dried previously or not, in order t«> 
make sure that the whole shall have been equally seasoned/' 

Some bearers of Riga pine and American elm, after they 
had been in use for about six years, and exposed for tliai 
length of time to a temperature of 115° or 120° of heat, 
at which the chamber invariably stood, were examined, and 
were found to be perfectly sound and in excellent condi- 
tion ; thus proving that the process, even though continued 
for so long a period, did not injure in the slightest degree 
the fibre or the strength of the wood. 

It is difficult to understand how the timber subjected to 
this process can be rendered more capable of sustaining a 
tensile strain, if this be the case, but it is natural that the 
albumen, when hardened in the pores, should render it more 
incompressible, and therefore more capable of resisting any 
strain when the strength depends on this property. For 
hard woods, to which Dr Boucherie's process is not appli- 
cable, desiccation seems to be admirably adapted, Mr 
Lovell's experience with the walnut-tree gun-stocKS appear- 
ing conclusive. 

The following table is interesting, giving the results of 
experiments made by Mr Davison : — 



SHIP-BUILDING. 



75 
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13-46 


7 


71 :1 


22-72 


12 


16:1 






IJ 


19-35 


13 


44:1 


1594 


14 


71:1 


10-92 


7 


71:1 


23-36 


21 


10:6 




Mean 1 
reflttlts j 


1827 


10 


36:1 


14-95 


101 


71:1 


24-38 


7 


71:1 


23-04 


16-5 


13:1 




Sq. inoh. 




























? 


• 2 


8719 


23 


6: 1 


17-56 


23 


71:1 


12-05 


12-33 


71:1 


29-38 


37 


20:1 




3 


25-6 


35 


4:1 


8-64 


26 


71 :1 


12-33 


24-33 


71:1 


24-26 


42 


10:1 




■s 


• 4 


13-27 


35 


20:1 


17-81 


40 


16:1 


10-94 


35-66 


69:1 


1936 


40 


16:1 




1 


5 


28-57 


47 


8:1 


17-61 


37 


36:1 


11-95 


41-33 


71:1 


22-95 


74 


20:1 




I 6 


22-48 


47 


7:1 


16-93 


47 


36:1 


15-95 


43-66 


53: 1 


16-13 


86 


36:1 




Mean 1 
results 1 


26-2 




9:1 


15-7 


34-6 


46:1 


12-64 


3211 


65:1 


22-57 


55-8 


20-4:1 



Comparative Strength and Deflection of Desiccated Specimens and their DupliccUes^ denominated 

Woolwich Specimens, 



Dfisorlption. ' 


YitLow Fiflt 


yixaoQAHT. 


RJOI flNR. 


E«QUm Oae» 


rHmen- 
flions. 


DrQka with 


Deaee^ 
tloii* 


DiDl«ll- 
•tons. 


Urate 

witb 


IJeflec- 

tl4ll. 


ilmis. 


BmkairitL 




Dlroeti 


Bmke 
with 


Dcflee- 


DMi<!cft t*d spec i mtnn 

Woolwich „ 

DMiccfttod „ 

Woolwich „ 

De»iccat#d ^ 

Woolwich 
Dedccated 

Woolwicb ^ 

DeiiccftteJ ,. 
Woolwich „ 


Sq.inch. 


Ibfl, 

451 

40| 
138 
107 
237 
282 
B84 
716 
Were 
not broken 


inch. 

6 
11 

6 

4 

4 

i ^ 
41 

1 

n 


Sq.laeb. 

1 

H 

H 

2 

2 

3 


lb«. 
701 
621 
1864 
156 
436 
394 
1.514 
1318 


inch. 

H 

H 

H 


Sq. Inch. 

H 
If 


ibi. 

46 

481 
100 
127 
346 
333 
906 
7D3 
Were 
not broken 


inch. 

St 

i\ 

3f 
41 

f 

1 


1 

u 
u 

2 
2 


lbs. 
641 
47^ 
841 

1281 

385 

327 
•+> 

**« 


n 

7 

H 

*i 


The weights were applied at oae end of the pi«;e, at s distance of 3 feet from the fukromi. 



The slow progress made in the introduction of this pro- 
cess has doubtless arben partly from a fear that so speedy 
a method of drying or seasoning is likely to warp and rend 
the timber. Though this result does ensue from exposing 
it to draughts in covered sheds, yet as the evil in this case 
arises from the partial action of the currents of air on the 
log or piece of timber, it need not be feared where the 
temperature and the current are equally diffused, as in the 
deiiccating chamber. The expense of the apparatus is. 



however, a serious drawback to its introduction, except in 
works where a very large quantity of timber is used. 

The best season for felling timber has been a sublect of Season of 
some discussion ; but the evidence that has been collected felling 
seems to be in favour of that which is winter-felled. Its timber, 
specific gravity is less than if summer-felled ; and it is na- 
tural to suppose that the less amount of sap in the tree will 
render it more readily and easily seasoned. 

The relative value of the various woods must also' de- 
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Materials pend upon their strength as well as upon their durability. 

uMd in The cohesive strength per square-inch, or power of resist- 

®}^P" ing a tensile strain to tear the particles asunder, varies in 

Baiiding^ different species. Professor Barlow, in his work on the 

^^^^^^ strength and stress of timber, gives it as under for the fol- 

£i~j7* ^ lowing kmds of wood :— 

•trengtli or ° CobMlre itrenfth 

timber. SdmIm of Timber. per •qaare inch 

in lbs. 

Ash 17,000 

Teak 16,000 

Fir 12,000 

Beech 11.600 

Oak 10,000 

Pear 9,800 

Mahogany 8,000 

These being the breaking weights, it will not be safe in 
practice to expose timber to more than about one-half of 
them. 

Professor Hodgkinson has investigated the powers of 
different species of timber to resist a direct crushing force, 
and the results which he obtained show that this power 
varied greatly according to the state of seasoning. He 
found that timber, when in a wet and unseasoned state, 
could be crushed by a force less than one-half of that which 
would be required to crush it when properly seasoned, the 
moisture acting as a lubricating medium to allow the 
particles to slide upon each other more easily. 

The following, however, may be taken as the crushing 
weights of the different species named, in an ordinary state 
as regards their degree of seasoning : — 



Power to 
resist a 
crushing 
force. 



Specifio Oraritj 

of 

Specimen. 


Species of Timber. 


sqnare inch 
inlbe. 


•660 


Yellow Pine 


6375 
5674 
6748 
6402 
7082 
8198 
8683 
9609 
9771 


•540 


Cedar 


•680 


Red deal 


•640 


Birch 


•660 


Sycamore 


•753 


Spanish mahogany.. 
Ash 


•780 


•700 


Dry English oak.... 
Box. 


•980 







timber. 



Teak 2462 

English Oak 1672 

Canadian, ditto 1766 

Dantsic, ditto 1467 

Adriatic, ditto 1383 

Ash 2026 

Beech 1556 



Elm 1013 Materials 

Pitch Pine 1632 used in 

Red Pine 1341 Ship- 
New England Fir .1102 Bnildinc. 

Riga Fir 1108 V^»,^^^ 

MarForeetFir 1262 " "^^ 

Larch 1127 



No satisfactory rules have yet been promulgated to deter- 
mine the weights which may be placed with safety upon 
wooden columns of different diameters and different lengths. 
It is not unusual in practice to confine the load to 600 lb. 
per square inch of section on a column of oak, and when 
required to carry this load per sq. inch, the length is gene- 
rally limited to fifteen times the diameter. But, however 
short the column may be, it should never be loaded to a 
greater degree than one- third of the weights in the fore- 
going table, and the length should never exceed twenty, or 
at the utmost twenty-five, times the diameter without a 
great diminution of the load proposed above. 

The strength of similar columns varies inversely as the 
squares of their lengths. Thus, if the weieht which a 
column of oak of 6 inches diameter and 6 leet long will 
support with safety be taken at 9800 lb., a column of oak 
of 5 inches diameter, and 10 feet long, will support only 
2450 lb., with an eoual degree of safety, because by the 
proportion mentionea above 

10»:5«:: 9800: 2450. 

Transverse The annexed table of data is given by Professor Barlow, 
strength of in his woik, for determining the weights which the different 
**'"*^"" woods enumerated will respectively carry, when exposed 
to a transverse strain, and the rules which follow for its 
practical application are also taken firom the same autho- 
rity: — 



To find the ultimate strength of any rectangular piece Roles for 
of timber fixed at one end and loaded at the other: — strength of 

Rule. — Multiply the value given in the table of data by ^*f" ®^ 
the breadth and square of the depth, both in inches, and ^™*^*'' 
divide the product by the length, also in inches ; the quo- 
tient will be the breaking weights in pounds. 

Example 1. — What weights will a beam of English oak 
sustain before it breaks, when the breadth is 8 inches, the 
depth 12 inches, and the length 10 feet fi'om die point of 
support? 

The relative strength of English oak, as given in the 
Uble, is 1672. 



Then 



1672x8x12* 
120 



a6,051 lb., or 7-255 tons. 



Example 2. — What weight will a beam of larch sustain 
before it breaks, when the breadth is 4 inches, the depth 
6 inches, and the length 5 feet firom the point of support ? 
Answer — 2704 lb. 

To find the ultimate transverse strength of any rectan- 
gular beam, when supported at both ends and loaded in 
Sie centre : — 

Rule. — Multiply the value given in the table of data by 
four times the breadth and square of the depth in inches, 
and divide tliat product by the length, also in inches, for 
the weight. 

Example 1. — What weight will be necessary to break a 
beam of teak, the breadth being 10 inches, the depth 14 
inches, supported at each end, and the distance between the 
fiu;es of the supports being 20 feet, the beam being loaded in 
the middle ? 

For teak, the value given in the table is 2462. 

Then 2462x4x10x14' ^^^^25 lb., or 35-904 tons. 

Example 2. — What weight will a beam of English oak 
carry before it breaks, the breadth being 8, the depth 12 
inches ; the beam being loaded in the middle, and sup- 
ported at each end, and the distance between the faces of 
the supports being 1 5 feet ? Answer — 42,803 lb., or 19*153 
tons. 

If the dimensions of a beam be required so as to support 
a given weight, the following rule must be used:— 

RuLB. — Multiply the weight in pounds by the length in 
inches ; and this product, divided by the tabular value, will 
give the product of four times the breadth and square of 
the depth; then the breadth being known, we can find 
the depth ; or the depth being known, we can find the 
breadth. 

Example 1 . — What must be the dimensions of a beam 
of English oak to carry a weight of 5 tons in the middle, 
where the distance between the supports is 20 feet ? 

1 1 200 X 240 

The tabular value for English oak is 1672, T^fo 

srl607, which is the square of the depth multiplied by 
four times the breadth. 

Let the breadth be 6 inches ; then 6 x 4=24, or fi)ur 
times the breadth. 

Then~^= 66.96= the square of the depth, 

and ^66*96'" 8*13 inches, or 8Jth inches nearly. 
Or, if we take the depth at 8 inches, then 

8«=64 and ^-^=25-1, 
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and -7-«»6-27, or a 
4 



little more than 6^th inches = the 



breadth. 
Example 2. — What must be the dimensions of a beam 
" ^ ~ of red pine to carry a weight of 15 tons in the middle, when 
Boleg for the distance between the supports is 30 feet? Answer— 10 
•toength of jnches in breadth by 15 inches deep nearly. 
•8w.K^,^««« If a beam be supported at both ends, and the load be 
tinued. equally distnbuted over its length, it will carry twice the 
weight ; that is, the result obtained by the foregoing rule 
must be doubled. 

If the beam be firmly fixed at both ends, so as to prevent 
the ends from rising, when the weight is applied in the 
middle, the result will be increased by its half; that is, a 
weight of 10 tons may be increased to 15 tons. 

If the beam be fixed at both ends and loaded uniformly 
throughout its length, the result must be multiplied by 3 ; 
that is, a beam which will carry 10 tons in the middle when 
it is laid loosely upon its supports, will carry 30 tons when 
fixed at both ends, and the load distributed uniformly over 
its length. 

It must always be remembered, in applying these rules 
to practice, that the weights found by them are the break- 
ing weights. The proportion of the breaking weight with 
which it is considered safe to load a beam in actual use 
varies according to the nature of the material. In the case 
of cast-iron, which breaks without giving any warning, it 
is not considered safe to place more than one-third of the 
breaking weight upon it. In wrought iron and timber, 
which both show symptoms of being overstrained before 
they break, by becoming crippled, or by an amount of 
flexure so great as to be very observable to the eye, the 
load in practice may be one-half of the breaking weight, as 
found by the rules. 

Experiments on the strength of materials are always 
valuable to practical men, as adding to the store of know- 
ledge, and actmg as a check on any rules which may be in 
use. A series of experiments on timber were made by 
Colonel Fowke, of the Royal Engineers, at Paris, during 
the universal exhibition held there in 1855, and the results 
were published at great length in the report upon that 
exhibition. 

Mr Fincham made some experiments, with great care, 
on the transverse strength of timber, and the following 
table, showing the results, is extracted firom his work on 
ship- building : — 

A Table of a Series of Experiments on the Strength <^the 
undermentioned species of Timber. In each case the 
piece was three inches square and four feet long between 
the supports, and the weights were placed in the middle. 



Species of Timber and No. of Experiments. 



English oak, the mean of 8 experiments 

Italian oak, the mean of 4 experiments 

Dantsic oak, the mean of 4 experiments 

African oak, the mean of 4 experiments 

Malabar teak, the mean of 4 experiments... 
Moolmein teak, the mean of 4 experiments... 

Riga fir, the mean of 4 experiments 

Dantsic fir, the mean of 4 experiments 

Italian larch, the mean of 4 experiments.... 

Scotch larch, the mean of 4 experiments 

Hackmatack larch, the mean of 4 experi- I 

ments J 

Cowdie, the mean of 4 experiments 

Bermuda cedar 

Cuba cedar, the mean of 4 experiments 

Van Dieman's Land cedar 

Mahogany, the mean of 4 experiments 

New South Wales mahogany, the mean \ 

of 4 experiments j 



Speoifio 
Grarity. 



Cwt«. 
•791 

1077 
•704 

1021 
•724 
•909 
•576 
•708 
•646 
•661 

•708 

•614 
•932 
•624 
•616 
•636 

1-382 



Weight at 

which the 

pieee broke. 



32-973 
38792 
39-732 
69-897 
43-723 
34-292 
36-668 
36-718 
40047 
27-760 

37-886 

33-317 
36-776 
24^318 
18^303 
30-093 

36-777 



Rigidity, or the opposite of elasticity, b the power of Materials 
resisting deflection or bending, when a weight is placed upon ^^^^ ^ 
a beam, or when a side pressure is brought to bear against ^^^ 
it. This power is increased in a much more rapid ratio ^^^ 
than the power to sustain loads without fracture ; thus, in ^"^^^^ 
order that a beam may bear 10 tons with the same degree ^*^^*^ ^^ 
of deflection as one bearing 5 tons, much less increase of ° ^* 
dimensions will be required than will be necessary for a 
beam whose breaking weight is to be 10 tons, in compari- 
son with one whose breaking weight is 5 tons. The pos- 
session of rigidity in a lateriu direction is necessary to every 
beam to a certain extent, to prevent its bending side-wise 
and becoming crippled, and hence beams must not be too 
much reduced in their breadth relatively to their depth. 
In practice, the proportions of 2 for the breadth to 3 for 
the depth, and also of 3 for the breadth to 5 for the depth, 
are very common ; but in joists of floors, and in other situ- 
ations, where side props, or supports to prevent flexure, can 
be introduced, the depth is often made in a greater propor- 
tion, with the advantage of a saving of material, to carry the 
same weigh L 

The supply of timber for ship-building purposes is a sub- Supply of 
ject that has at various periods attracted much attention, timber 
both as regards the species grown in this country and those 
which are imported from abroad. 

Some valuable remarks on foreign woods were lately made 
by Mr Leonard Wray, in a paper read before the Society 
of Arts, and published in their journal of 6th May 1859. 
He called attention to the fact, that before forests of the 
finest timber can be brought into beneficial use, a popula- 
tion is required to fell and trim the trees, as well as a good 
shipping port, and the cheapest possible means of bringing 
the timber from its native forests to the port of shipment. 
Honduras has long had its organised bands of wood- from Hon- 
cutters, and has long been one of the most important timber- <luras, 
exporting countries. It now exports about 26,000 tons of 
mahogany and 6000 tons of logwood annually, and the 
woodsmen in pursuit of these two staple products continu- 
ally pass and repass other species of the finest quality ot 
timber in the world. Amongst many other fine trees found 
there, Mr Wray specially enumerated the following : — The 
green heart, the live oak (Bignonia), and other oaks ; the 
mahoc, the bullet-tree, the Neesberry bullet-tree, the iron- 
wood, the locust, used for ships' planking and treenails ; 
the dogwood, the red pine, the pitch pine (much superior 
to that of Carolina and the other southern states of America), 
the cedar (Cedrela odorataj, a light and durable wood, 
not liable to dry-rot, nor subject to the attack of insects, 
and of which the trunk is 70 or 80 feet long, with a diame- 
ter of from 4 to 7 feet. 

The morra is described by Mr Wray as a most valuable 
timber, the trees often attaining a height of from 100 to 
150 feet, the lowest branches being 60 feet from the ground. 
The wood is extremely tough, close, and cross-grained, so 
that it is difficult to split, and not liable to splinter, which 
renders it particularly adapted for ship-building, more espe- 
cially in the royal navy. The trunk makes admirable keels* 
timbers, and beams ; and the branches having a natural 
crookedness of growth, are unsurpassed as knees. 

Sir R. Schomburgk, referring to this tree, states that it 
grows abundantly in Guiana, on the banks of the river 
Berima, which is navigable for vessels drawing 12 feet of 
water, so that they might load close to the spot where the 
trees are cut down. 

Mr Wray also mentions many other fine timber trees as 
the growth of Guiana, and Assam, Tenassarim, and the 
provinces and settlements in tlie neighbourhood of the 
Straits of Malacca. He states that a quantity of teak has 
tor many years been exported from Moulmein, and other 
parts along the coast, but that the field which this healthy 
and most pleasant coimtry still presents is so inexhaustible 
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Materials tliat tie considers it to stand unrivalled as a timber-pro- 
used in ducing country. Hitherto teak alone has been exported, 
Ship- 5m there are others which are considered quite eoual, and 
Building. ^^^^ superior to it. He gives the following list ot some of 
^"^/^^ the best timber woods, which will serve to give an idea of 
Monlmein the capabilities of these neglected provinces : — 
Timbers. 

Anan. — One of the hardest and most compact woods known. 

Ahnaun, — Strong and very durable ; used in ship-building. 

Keown-lac (Rottlera). — ^Excellent for rudders. 

Kat-wat-na (Cedrela)< — Large timber, 40 to 70 feet long; used 
for ship-building. 

Ka-nyeng-kyaung 'hhyay. ^For ship-builders; contains an aro- 
matic oil, and is not attacked by insects. 

Ky«$9-yo, — Similar to teak. 

Eud-doot-alaiu, — A large tree ; used in ship-building. 

Eunnasoo, — A very large tree ; very hard and durable timber. 

May-Mayha. — Used in ship-building. 

May^aug, — Said to be very durable. 

May-tohtk, — Used for the bottoms of ships, considered preferable 
to teak. 

Mayam^—Ajk indestructible, strong, heavy, dark-red wood. 

Podauh, — A beautiful, compact, and hard wood, sometimes called 
rosewood. 

PtmgadoK. — Strong and durable. 

Pun-makM, — Yields very strong knee-timber. 

Fyau^a'deau, — Uard, dense, and durable ; called iron-wood. 

Soondra, — A very tough, elastic wood ; said to be the strongest 
of all the Indian woods. 

Thab-bau, — Fine solid timber, sometimes 70 feet long ; used for 
boats. 

That^kya, — A species of wood similar to SauL 

TKaH%at, — A kind of grey teak. 

Thchnat. — More resembling Saul. 

Thau-That.— A capital wood, like Saul. 

Thmt-yo'hau.—A species of teak ; close grained. 

Theng-gau (Hopea odorata). — An enormous tree of the Saul tribe ; 
yields a strong, compact, and excellent timber, considered superior 
to teak ; also a quantity of good dammer or resin. Insects never 
attack this wood, nor is it liable to rot 

Tirbbae (Quercus Amherstiana). — An oak; large tree; used in 
boat-building. 

Tkouiuauga, — A large tree ; used in boat-building. 

Thingau-kyauis* — Close grained, strong, heavy wood; used in 
•hip-building. 

ThubbiM (Mimusops). — Used in ship-building. 

Thubbor (Uvaria). — A large tree; used in bcntt-building. 

Toung-bymgi — A kind of red Saul. 

Thyw^4Mro4 — A good, strong, durable wood ; used in boat-building. 

Malacca Of the Malacca woods Mr Wray gives a long list, and of 

timbers, these he describes the following from his own experience 
while resident in the straits : — 

Murbouw, — ^Very strong, hard, and heavy; used in shipping; 
not attacked by insects ; will last 100 years. 

Biniaugoor, — Valuable wood for ship-building, especially for 
planks, mast, spars» &c. It grows in great abundance, especially 
near Singapore, and is largely exported to Mauritius, California, &c. 

Vamitrlaut, — Hard, tough, and very durable. 

Oiham, — A pale yellow wood, close grained, hard, elastic, very 
durable, and generally used in boat-buUding. 

T<Mmpauee, — Used for house-building; hard, and exceedingly 
durable. 

T<Mmbootu, — House beams ; considered very durable. 

m^T^ I — Hard, tough, elastic; used in boats. 

MarauUe. — Very large; light resinous wood, much used for 
planking, and in building boats. 

Australian Australia is the next country to which he directed at- 
timber. tendon; and though distant, it may yet become an im- 
portant timber-exporting country, the timber being brought 
here as a home freight in return for our large exports. 
The trees of this country which are mentioned are the 
iron-bark, the tuart, the jarrah blue-gum, and morrell. 

The tuart is especially mentioned as adapted for ship- 
building, as it is most di£Bcult to split, and not liable to 
splinter. 

The jarrah, whose stems average 65 feet long, nearly 
parallel, and without a branch or knot, is also a most im- 



portant tree of this colony. It is not attacked by insects of Materials 
any kind, nor has it any tendency to dry-rot. used in 

There are forests of this wood, almost unmixed with S^^P" 
other trees, in Western Australia, of more than 4 miles in ^^*i*C« 
depth, and which are known to extend for a length of 150 ^^V^^^ 
miles. Planks may be obtained from it 10 feet wide if 
desired. It is not only valuable as a ship-building timber, 
but also for furniture, being found of various shades of 
colour, and of almost every variety of grain. 

A ship may therefore be loaded very advantageously with 
this timber afler proper sawing-machinery has been erected 
in the country, as it may be converted into scantling and 
other pieces for furniture, which may be stowed along with 
the balk timber of any size that may be desired. 

Some very fine specimens of pine have likewise been im- 
ported lately from Vancouver's Island, of immense size, 
of great strength, and very durable. 

Specimens of foreign woods may be found in the collec- List of col 
tions at Kew; at the Kensington Museum; East India lections of 
House ; Somerset House, Admiralty branch ; and at the specimens 
Crystal Palace. ^^^ 

Since the publication of this paper, containing so much '* 
valuable information, and so liberally contributed by Mr 
Wray to the Transactions of the Society of ArtSy and 
from which the foregoing extracts have been so copiously 
taken, contracts have been made by the government for 
green-heart Tuart and Jarrah timber. It is to be hoped 
that this is a prelude to timber from our own colonies 
being hereafler used in the royal dockyards in larger 
quantities. 

The importance of ship-building timber for the merchant 
service is undoubtedly decreasing, on account of the in- 
creasing use of iron ; and it therefore behoves the govern- 
ment to make its own arrangements to originate and foster 
this trade in those districts pointed out by Mr Wray. 

Though insignificant in comparison with these magnifi- 
cent trees of foreign growth, the increasing quantity of 
larch now grown in this country deserves attention. 

The larch {Pinus Larix) now so much grown in Eng- 
land as well as in Scotland, is frequently called Scotch fir, 
thus being mistaken for the " Scotch fir" as so called in 
Scotland {Ptnus sylvestris), which has a dark-coloured 
foliage. The latter is considered superior for the purposes 
of architecture, but larch is better adapted for ship-building 
purposes whenever its size is sufficient. Like most other 
woods, it varies extremely, according to the soil on which 
it is grown, and care must therefore be taken in its selec- 
tion and use. It stands exposure to wet and dry better than 
most timber, and is hence much used for pit-props in coal 
mines. The late Duke of Atholl induced the government 
to build a vessel of larch fi'om his forest. She was called 
the Atholl ; and though her durability has been very great, 
no further attention appears to have been as yet paid to 
the subject by the authorities. 

A knowledge of the weight of the different species of Weight of 
timber is necessary to the naval architect, to enable him to timber, 
compute or estimate the weight of the hull of the vessel 
which he is designing or constructing. Mr Edye, the 
late assistant-surveyor of Somerset House, published an 
elaborate work containing tables of the weights and the 
dispUcements of the different classes of men-of-war of his 
day, but now rendered comparatively valueless by the in- 
troduction of steam-vessels and the great changes in the 
proportion of ships. The following table, containing the 
weight of a cubic foot of timber in a green and seasoned 
state, is extracted from this work ; and if the weights of 
the different timbers be compared with their strengths as 
previously given, it will be seen that the heavier timbers 
may be used without increasing the weight of the vessel, 
as theur scantling may be reduced, and the same strength 
be retained| and with advantage, also, as to durability : — 
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Materials 
in com- 
bination 
with tim- 
ler. 



Name of Umbers, 


Green. 




English oak 


lb. OS. 

71 10 
49 14 
63 12 

... 

48*" 3 
32 
45 
48 12 
44 12 
66 8 
60 
58 3 


lb. OS. 
43 8 
36 
60 10 

52 15 
26 4 

36 
28 4 

34 4 

35 8 
30 11 

37 5 

53 6 
50 


Dantzicoak 


African teak 


Indian teak, green or sea- ) 

soned, about the same . . . / 

Malabar* 


Rangoon* 


Indian roast peon 

Cedar 


Larch 


Riga fir 


New Enffland fir 


Elm 


Beech 


Ash 




* Malabar teak is the heaviest, and Rangoon the lightest 
of all the Indian teaks imported. 



Special care is required in the selection of materials to 
be used in combination with timber, in order that no che- 
mical or other action, which may tend to premature decay, 
may take place between them and the timber. Great care 
is required in the use of iron for fastenings on account of 
the great affinity which exists between this metal and 
oxygen. The oxidation of the iron not only destroys the 
fastening itself, but has an injurious effect upon the timber 
surrounding it. If the nature of the wood be such that a 
supply of oxygen from the atmosphere can be kept up 
through its pores, the oxidation and destruction of the iron 
will be very rapid. The use of iron in combination with 
oak is particularly objectionable on account of the acid na- 
ture of this wood, and the quantity of oxygen which it con- 
tains. In oily and resinous woods the surface of the bolt, 
when driven, receives a coating of this matter, and is thus 
rendered less liable to oxidation. Such woods are also 
more impervious to the passage of a continued supply of 
oxygen. Iron fastenings, under copper sheathins, are also 
liable to be destroyed by the galvanic action which takes 
place between these metals. Many attempts have been 
made to prevent this action by driving the bolt so far into 
the wood that a cement of some kind could be put over the 
heail of it, 80 as to break the connection between the metals, 
but no important results of any system of this kind are as 
yet known to have obtained. 

Copper is therefore used largely for the fastenings of 
ships. This metal is liable to a very slight oxidation only 
upon its surface, and when this has taken place, all fur- 
ther oxidation ceases, and the metal is not destroyed, as is 
the case with iron. Copper, however, is not possessed of 
the same strength as iron, and is soil and ductile in com- 
parison with it. It is therefore far from being so good a 
fastening, especially when driven through iron-knees and 
iron- riders. It is liable lo be bent and crushed, or crippled 
at the neck, by the iron through which it has passed, if the 
ship be severely strained and work in any degree. 

Some valuable experiments were made on the tensile 
strength of bolts of dockyard copper, Grenfell's copper, and 
Muntz's yellow metal, by Mr Jn. Kingston, of Woolwich 
dockyard. 

The results are shown in the following table : — 



DeeeripUoB of bolt. 



Tensile strength per 
square inch. 



Dockyard copper, arerage of 12 ez- 1 49,490 lb., or 23 tons 
periments j Tery nearly. 

Grenfell's copper, average of 11 ez- I 46,592 lb., or 20} tons 
periments j nearly. 

Mauts's yellow meUl, average of 11 1 49,945 lb., or 22^ tons 
experiments j nearly. 

Copper, from its ductile nature, is quite unfit to be used 
ibr any purpose where a cross-strain has to be resisted. 
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A late invention, by which a coating of copper is put upon Material* 
iron, in the same manner that iron-plates are coated with tin, ^^ ^ 
promises to be very valuable. Fastenings of this kind will 
then combine all the good qualities of both metals, and will 
tend materially to strengtlien the general fabric of the ship. 

Treenails of timber, equal in quality to that through 
which they are to be driven, make excellent fastenings, but 
their strength and their power of holding are not such that 
they can be used to the entire exclusion of metal fastenings. 

The materials used for the sheathing of ships to pro- Sheathing, 
tect them from fouling, and from the attacks of the teredo 
navalisj and other destructive worms, are chiefly copper 
and Muntz*s metal. These metals are kept clean by the 
sea-water acting slightly upon them as a solvent, or by 
oxidation ; and a gradual waste is therefore taking place 
continuously from their surface, thus preventing the adhe- 
rence of any animal or vegetable matter. With a view to 
obviate tliis gradual wearing away. Sir H. Davy proposed 
to induce a gsdvanic action upon the sheathing by attaching 
protectors of iron on its surface. He succeeded to some 
extent ; but in proportion as the iron was eaten away and 
the copper preserved, it became foul with sea-weed and 
shell-fish, so that his proposal was abandoned. 

Iron for Ship-building. 

The use of iron having now become common in the con- 
struction of ships instead of timber, a thorough knowledge 
of its properties is thus rendered necessary to the naval 
architect. The properties of wrought or malleable iron, as 
a material for the construction of the component parts of 
ships, will first be considered in a general point of view. 

The strength of rolled iron varies with its quality ; the Cohesive 
results given will be those due to an average quality, such strength, 
as ought to be used in ship-building. The cohesive strength 
of bar-iron, or its power to resist a tensile strain, may be Bar-iron, 
safely taken at 25 tons, or 56,000 lb. per square inch of 
section. Messrs Robert Napier and Sons of Glasgow have 
made some valuable experiments on the cohesive strength 
of wrought-iron, and steel bars and plates, which have been 
published in the Transactions of the Institution of En- 
gineers in Scotland^ vol. ii., 1859, and the results, along 
with others, by Mr Fairbairn of Manchester, on iron-plates, 
are given here by their kind permission. 

Table of the average Strength of Steel-bars^ as found by 
Messrs Napier and Sons. 

Cast-steel for riTets 106,950 lb. 

Homogeneous metal for rivets 90,647 „ 

Puddled steel-forged bars 71,486 „ 

„ „ rolled bars 70,166 „ 

The average cohesive strength of rolled bars of York- 
shire iron was found by Messrs Napier to be 61,505 lb. per 
square-inch, this being the mean of twenty experiments on 
bars varying from -(^th inch diameter, up to 1 inch square. 
And the average strength of bars manufactured by nine 
different makers in different parts of the country, and pur- 
chased promiscuously in the market, was 59,276 lb. ; this 
being the mean of 1 10 experiments on bars varying fix>m 
•(^th up to l^th inch diameter, and it is most satistactory 
to find that the experiments showed a remarkable unifor- 
mity of results. 

Mr Fairbairn of Manchester directed his attention, at a Experi- 
very early date, to the subject of iron for ship-building, "i*?^ ^ 
commencing his operations by the construction of various j^^ p^^ 
small vessels for canal navigation. In 1830 and 183 1 he built bairr . 
three iron steam- vessels for the Forth and Clyde Canal Com- 
pany, and to be employed as coasting traders to Grange- 
mouth. These vessels made the voyage from Liverpool to 
Glasgow, and showed such symptoms of strength as to in- 
duce Mr Fairbairn to enter more largely into the business. 
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Materials Within the next four years he constructed a vessel for the 
iiMd in Lake of Zurich, and two river-steamers of about 170 tons 
for the navigation of the Huraber; and in 1836 he com- 
menced the building of iron-ships at Mill wall, on the Thames, 
in company with others. With a view to the introduction 
of correct principles into what was then a new line of manu- 
facture, he made some valuable experiments at Manchester 
in 1838, to test the strength of iron-plates and of riveted 
joints. The results were communicated to the Philosophi- 
cal Society of that town, and have since been republished 
by him.^ The results which he obtained were as follow : — 

Cohesive 
strength of 
plates. 



Species of Iron. 


ing Weight 

in the 
Direction of 

the Fibre, 
in tons per 

sq. inch. 


Mean break- 
ing Weight 
aerou the 
Fibre, in 
tons per 
sq. inch. 


Yorkshire plates 25770 

„ 22-760 


27-490 
26037 


Mean 


24-206 


26-763 




Derbyshire plates 


21-680 
22-826 
19-663 


18-650 
22-000 
21010 


ShroDshire olates 


Staffordshire nlates 




Mean 


21-350 


20-553 





The plates experimented upon were as nearly ^ inch 
thick as could be obtained ; due allowance being made, in 
calculating the results, for any excess or deficiency in thick- 
ness in the different specimens. * 

The section through A B was 2 inches wide. The plate 
having been made narrower there to ensure its breaking at 
that part. Plates were riveted on each side of the ends to 
stiffen them. The holes O (fig. 14) were bored through the 
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Messrs Na- 
pier *s ex- 
periments. 



B 
Fig. 14. 

ends at right angles to tlie plates, with their centres in a 
direct line along the centre line of the part AB ; and the 
apparatus for tearing the plates asunder was attached by 
bolts passing through these holes. 

Iron-plates are supposed to be fibrous lengthwise, or in 
the direction in which they are rolled ; but their cohesive 
strength ought to be nearly equal, whether the strain be ap- 
plied with the fibres or across it. This uniformity of strength 
is attained by the shingles, or piles from which the plates 
are rolled, being composed of layers of bars carefully 
selected and laid at right angles to each other. When 
plates are very inferior in this respect, they may be sup- 
posed to have been manufactured irum masses or blooms 
made up of irons and ores of different qualities, and these 
not sufficiently worked to amalgamate them properly. In 
testing iron-plates, it is therefore important to test their 
strength in both directions. 

The very extensive series of experiments on the strength 
of iron-plates by Messrs Napier have fully corroborated 
the results previously obtained by Mr Fairbairn. The 
strengths per square inch of sections were as follow : — 



Materials 

nsed in 

Ship- 

Boilding. 



Yorkihire Plates, 

Lengthwise 65.433 lb. 

Crosswise 60,462 „ 

Mean strength 62,947 „ 

This result being obtained fi-om 45 experiments upon plates 
varying in thickness from \ inch up to f inch. 

Ordinary best, and best best boiler-plates^ as manufac- 
tured by ten different makers in different parts of the 
country, and purchased promiscuously in the market — 

Lengthwise 60,2421b. 

Crosswise 45,986 „ 

Mean strength 48,114 „ 

This result being obtained from ninety-three experiments upon 
plates varying in thickness from J-inch up to |-inch. 

Glasgow Ship Plates, 

Lengthwise 47,773 lb. 

Crosswise 44,356 „ 

Mean strength 46,064 „ 

This result being obtained from twelve experiments on plates, 

varying in thickness from ^-inch up to {-inch. 

Messrs Napier made some experiments upon steel-plates 
also, with a view to test their value for the construction of 
light boats for river navigation, or for any portion of iron- 
fehips generally. The results were as follow : — 

The Mersey Company's Steel-plates^ for Ships. 

Per sq. in. 

of section. 

Lengthwise 101,4601b. 

Crosswise 84,968 „ 

Mean strength 93,209 „ 

Steel-plates for Ships— Puddled Steel—'' Mild ""—by . 
the same makers. 

Lengthwise 71,632 lb. per sq. in. 

Crosswise not recorded. 

Blochaim Boiler-plates — Puddled Steel. 

Per sq. in, 

of section. 

Lengthwise 96,320 lb- 

Crosswise 73,699 „ 

Mean strength 85,010 „ 

Homogeneous Metal, 

Per sq. in. 

of section. 

Lengthwise 96,2801b. 

Crosswise 97,150 „ 

Mean strength 96,716 „ 

Same Metal — Second Quality, 

Per sq. in. 

of section. 

Lengthwise 72,408 1b. 

Crosswise 78,680 „ 

Mean strength 72,994 „ 

The portions of the plates tested by Messrs Napier and 
Sons were made of a similar form to those tested by Mr 
Fairbairn. As the result of these experiments, it may fairly 
be assumed, that iron-plates of good average quality should 
stand a strain of 66,000 lb., or 21 tons, as their breaking 
weight per square inch of section. 

The results from the Yorkshire plates have been kept 
separate, because their quality and their price are such as 
to preclude. their general use in ship- building. In boiler- 
making they are only used for furnaces, and those parts 
which require especial care. 

Some valuable experiments have been made for the pur- Force re- 
pose of ascertaining the relative resistance of wrought iron qoired to 
to shearing in different thicknesses and proportions of width •!»«"' "^ 
to thickness, by Mr Little at the works of Mr Eastwood, with P*"*^ *"***• 
a hydraulic shearing-press ; this plan of press affording the 
opportunity of measuring the force actually employed at the 
moment of cutting, by the pressure upon the hydraulic ram ; 
the results are published in the Transactions of the InstUuiion 
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JIaterlala cf Meehanieal Engineers* The pressure was measured, as 
'^'^ ^^ the most eligible method available, by hanging weights at the 
end of a long hand lever for working the force pump, the dis- 
tance from the fulcrum to the pump being Z\ inches, and 
from weight to fulcrum 78 inches, or 24 to 1 ; the area of 
the ram being 111 J times that of the pump, tlie total 
ratio of the actual pressure on the cutters to the load em- 
pundi iron, ployed was 2682 times. AH the experiments were made 
continued, with hammered scrap iron of uniform quality, and the fol- 
lowing general results were obtained. 

Punching a 1 inch hole through \ inch and 1-inch bars 
required 36 and 69 tons respectively, or a mean of 22'5 tons 
per square inch of sectional area cut, as measured by the 
circumference of the hole multiplied by the thickness (ex- 
periments Nos. 1 and 2). Punching a hole 2 inches 
diameter through \ inch, I inch, and \\ inch bars succes- 
sively required 65, 132, and 186 tons respectively, giving a 
mean of 19*4 tons per square inch of the sectionaJ area cut, 
or 14 per cent less in punching the 2-inch holes than in 
the 1-inch holes (Nos. 3 to 6). 

TABLE. 
ExperimenU on Punching. 



o 1 


6^ 


SectlQuJAruCtil. 


1 


I'TCMuro cm pu»clL 




5I 


1 1 


ThJcktiea 




a 






tOM 


RSDVti. 


& 


I'S 


udamuD- 
fereoct 


Aret 


r 


times 
W4 


TffUL 


cat. 






It^K 


Ihl IDL 


SqJiifc 


Lbfc 


Lt* 


Torn. 1 


Toai. 




1 


1 


0*51x3 14 


\m 


29^ 


8014*2 


S5 8 


224 


\ 22*5 mcaa 


2 


I 


0>&8x314 


3-OS 


57-9 


1552SB 


6&-3 


226 


3 


2 


0-62xfl'2a 


327 


49& 


133832 


m-7 


18-3 


) 


4 


^ 


0-57x6-2.S 


3-58 


5S9 


157JI70 


705 


1&7 


yiB'4 mcAU 


5 


2 


lHWKfl-2£ 


06G 


lio-y 


2£>7134 


1328 


lt>-0 


e 


2 


1-52x0-28 


9-55|l55-9 


418124 


imi 


19-5 


J 



Shearing flat bars was tried with sections 8 inches by J Material 
inch and 3 inches by 1 inch ; and the results gave a mean *^/| ^ 
of 22*7 and 21*5 tons per square inch of sectional area cut, q^i^j.. 
the difference being inconsiderable between the two direo- y ^ ^j 
tions of shearing, flatways or edgeways (Nos* 7 to 12). 



In comparing the shearing of these sections, 3 inches qS^'J^ 
by } inch and 3 inches by 1 inch, with the punching of a g)jear and 
1-inch hole through ^ inch and 1 inch bars, the result is punch iron, 
nearly the same in both cases with the ^ inch thickness, eontinaed. 
and with the 1 inch thickness about 5 per cent, less in 
shearing than in punching, the area of section cut through 
being about the same in the cases of shearing as in those of 
punching. 

In the above experiments of shearing, cutters with parallel 
edges were used ; but when the ordinary cutters with edges 
inclined to one anotlier at an angle of 1 in 8 were employed, 
the force reauired in shearing was diminished, and consider- 
ably so in tne case of the thinner sections when sheared 
flatways ; and as bars are usually sheared flatways, a decided 
advantage is shown in &vour of inclined over parallel 
cutters. The force in tons per square inch of section cut 
with the bars 
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Edgeways 
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and 20*1 or 10 per cent, len flatwaya. 
17-9 20 
21-1 26 
22-6 26 
18*4 18 



A trial was also made of the force required to shear some 
hard nulway tyres 1 J inch thick, and the result was 185 
tons total edgeways, and 99 tons flatways (Nos. 30 and 31). 

A 3-inch square bar of rolled iron was also tried, and the 
force required was 155 tons total, against a total of 165 
tons required for a hammered bar of the same section (Nos. 
28 and 29). 

Drawings of the fracture of the bars in the experiments 
Nos. 20 and 21, 26 and 27, are given in the original paper. 

In the accompanying Table are given the details of the 
several experiments. 

Mr £. Jones had also made a set of experiments on the 
force required for punching different sized holes in different 
thicknesses of plates, up to 1 inch diameter and 1 inch 
thickness ; the force was applied by means of dead weights 
with a pair of levers giving a total leverage of 60 to 1, so 
that 1 cwt in the scale gave a pressure of 3 tons on the 
punch ; the weights were added gradually by a few lbs. at 
a time until the hole was punched The following results 
were obtained, which ap()eared to corroborate generally the 
experiments given in the paper with larger sizes : — 



Diametei 
of hole. 


Thidmen 
of plate. 


Sectional area 
cot through. 


Total preainre 
on punch. 


ri'CMure per 
•quareinch 
of area cut. 


Inch. 


Inch. 


Sq. Ins. 


Tona. 


Tona 


0*260 


0-437 


0844 


8-884 


24-4 


0-600 


0*626 


0-982 


26-078 


272 


0*750 


0-626 


1-472 


84-768 


23-6 


0-876 


0-875 


2-405 


56-600 


28-1 


1-000 


1-000 


8142 


77*170 


24-6 



The strength of rivets and of riveted joints, to connect Stren^ of 
plates in various ways, was made the subject of experiment riveta and 
by Mr Fairbairn in 1838 ; and as no subsequent experi- ^▼•ted 
ments appear to have thrown any further light upon the J^****- 
• subject in its bearing upon ship-building, the results obtained 
at that time will be given. 

The experiments were conducted in the same manner as 
those to test the strength of plates. 

t 



«^ 



Materialt 

OMd in 

ahip. 

Buildinc:. 



8tr«Dgth of 
riveU and 
rivetud 
jolntf, eon- 
tlnutd. 



SHIP-BUILDING. 

In lap-joints with a single line of rivets, the edges are StwDgth of the plate loO Maieriali 

made to lap over each other, thus— Double-riveted jointe 70 futd in 

Single do. do. 56 Ship- 

Countersinking the rivets, or making the heads flush on BaUding. 
^ W{WV///////// I^^KiS^i^\^\ -V J i . ^ ^® outeide, was not found to make any appreciable diffe- ^^^^v^* 

rence of strength. Strength oi 

^^^_^^ The strongest mode of jointing plates is by bringing a rivete and 

^ -- lapping piece of plate upon each side, and passing the "▼•"^ 

iin. ♦!, *.^* • 1- J . . • r u. 1. J 1. rivets on each side of the joint through the three thick- 1?"'^*^' 
J^^'^^^.^^T^^i^^^^^'^^'^.^^T!' I'^^i'^^v.*^ °^*- Intheexperimentsofl838u,Jnthisjoint,double.*^-^ 
feftttft^ "^^^°^ only was 'tested; but in subseouent^xp^riments 

Si^ .^i?^? ^^ 1 ^''^ ^'"^ ""^ ^"^ *''"""' ^ ^''"^'^''^^ ^y suggested by Mr Fairbalrn, and carried out in The con- 
ine aottea line, a 0. stnicUon of the Menai tubular bridge, four lines of rivets 

were used, thus — 

^>. ^\s^S - ^Vb^ 2 5^ — :^^^^^^^^^ h 

Flf.l<. 

Plates may also be united by bringing their edges to- 
gether to make a flush or butt-joint, putting an extra piece 
of plate behind the joint to which both plates are riveted 
by single lines of rivets, thus — 










Flf.17. 




This joint also gives way by the plates bending and 
taking the line of strain ; and no material difference of 
strength was found between this and the preceding joint 

Tredgold has shown that when the line of strain is not 
in the axis or centre of the material, the strength decreases 
with the divergence in a much more rapid ratio than the 
direct distance of the divergence. It is therefore evident 
that this evil is greatest in thick plates, and that the strength 
of thick plates will not be proportioned to that of thin 
plates^ though the sections of each through the rivet-holes 
may bear the same relative proportion to the sections through 
the solid plates.^ 

Double-riveted lap-joints are those in which a second 
line of rivets is introduced. The edges are overlapped as 
in single riveting, but to a greater breadth, thus — 



m/r7,y//A 






Fis. IS. 

The line of riveu nearest the edge keeps it from rising. 

In this ioint the strength is much increased, but the 
plates bend as before, and take the line of tension when a 
direct tensile strain is brought upon them. 

The edges may also be brought together flush, with a 
broader piece of plate behind the joints, and a double line 
of rivets, tlius — 



Flff.lS. 

In this joint, also, the plates bend before they give way, 
and the strength is similar to that of ihe preceding double- 
riveted joint. 

The relative strength of these joints, in comparison with 
the strength of ilie body of the plate, was found to be as 
follow : — 



Fiff.n. 

In this joint a tensile strain is directly in the line oH the 
joint, and the material is therefore in die best position for. 
exerting its full strength. 

This joint, however, is not applicable to the sheathing 
of ships, on account of the necessity of keeping the exterior 
sur&ce flush and smooth. But no other joint should be 
used in uniting plates in the construction of beams, or other 
parts, in the interior of a ship. 

A complete system of two thicknesses of plates, for the 
whole sur&ce of the plating, has been occasionally used, so 
as to break joint where a large flat sur&ce of great streng^ 
has been desired, with a lapping piece on each joint, thu»— > 



Fig. a. 
The evil, however, which results from the line of the strain 
not being in the centre line of the joint afiects this system 
of double plating, and the full strength attainable from the 
material is not secured. The only advantage gained is, 
that in the event of one plate being defective, a partial re- 
medy will thus be supplied by the second plate. 

By the same series of experiments in 1838, the diameter 
and distance apart of the rivets, and the proper amount of 
lap for plates, up to f inch thick, were very accurately as- 
certained, and the following table was formed :— 

TohU exhibiting the strongest forms and best proportions Proper dia- 
qf Riveted Joints^ as deduced from Experiments and^*^^ ^ 
actual Practice. rf^*** "d 
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* ThU subject has also been ably iiiTettigeted in a pamphlet and report on W. Bertram's patent welding process, by Mr Renton, C.B. 
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MfttmrUli The figures 2, 1*5, 4-5, 6, 5, &c., in the preceding table, 
'^••^'^ are multipliers for the diameter, length, and distance of 
_^*P- rivets, also for the quantity of lap allowed for the single and 
double joints. These multipliers may be considered as 
proportionals of the thicknesses of plates to the diameter, 
length, distance of rivets, &c. For example, suppose we 
take f plates, and require the proportionate parts of the 
strongest form of joint, it will be 

*375 X 2 = *750 diameter of rivet, | inch. 

•376 X 4) = 1-688 length of rivets, If inch. 

*375 X 5 = 1*876 distance between rivets, If inches. 

•376 X 6) s 2*063 quantity of lap, 2^ inches. 

•376 X 8 = 3*438 quantity of lap, for double joints, 3( Inch. 

In practice plates and rivets of certain thicknesses and 
diameters only are obtainable in the market, and for these 
the table would stand thus : — 
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By using these proportions, it will be found that the rivets 
will not be sheared in two by the plates when a strain is 
brought on them, and that efficient joints will be made for 
all vessels which require to be steam or water tight. When 
this b not required, some additional strength may be ob« 
tained by enlarging the rivets and increasing the distance 
between them. 

In forming the hull of a ship, the riveting is at present 
entirely permrmed by manual labour ; but in the construc- 
tion of beams, or any such separate parts, considerable 
advantage, both as regards strength ana economy, will be 
obtained by riveting them by miu^hine. The rivet by the 
latter process is more compressed, and thus made to fill 
the hole; and the operation being completed while the 
rivet is still hot, its snrinkage in cooling draws the plates 
together. This adds to the strength of the joint by caus- 
ing friction, when a strain is applied to pull it asunder. 
The extent, however, of the advantage so obtained is neces- 
sarily very variable, depending on the amount of compres- 
sion by the machine in forming the head of the rivet, and 
on the temperature of the rivet when closed, Mr Fairbaim 
does not attach much importance to it, and as it certainly 
does not exist to any important extent in hand-riveted 
work, it is safest to disregard it when any calculations of 
strength are being made. 
Rigidity of The liability of plate to yield by flexure depends upon 
plate. its thickness, and upon the amount of lateral support given 
to it, compared with the area of its surface. To give to 
different plates an eaual capability to resist flexure, the 
unsupported lengths snould vary as the thickness.^ 
Transverse The transverse strength of iron equally requires the 
strength of attention of the iron ship-builder. It is necessary to bear 
constantly in mind, that in supporting a load, or resisting a 
transverse strain, the upper portion of a beam, which is 
supported at both ends, is subjected to compression, while 
the lower portion is in a state of tension. The line be- 
tween the particles exposed to these opposite forces is 
called the neutral axis; but its position and direction, 
whether straight or curved, has not yet been definitely or 
mathematically determined. If the material of which a 
beam is composed be better able to resist compression 



iron. 



than extension, it is evident that there may be fess material 
in the upper than in the lower portion of the beam. The 
power to resist fracture fs therefore looked upon as mainly 
concentrated in these portions ; and while the duty of the 
centre portion, called the plate or the web of the beam, 
has not yet been brought clearly under the rigid laws of 
mathematics, ite chief duty may be said to be to keep the top 
and bottom flanches separate from each otlier, and in their 
relative positions. 

The power of iron to resist compression is generally 
taken at SIJ tons, or 70,000 lb. per square inch. 

It is one of the advantages of iron over wood that it 
can be made of any form, and that the foregoing prin- 
ciples, in as fiur as they are known, can be brought into 
action. 

The accompanying sections may be taken as represent- 
ing the sections of the beams in general use at the present 
day. 
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The proper proportions of iron-beams, and the consequent Different 
rules for their strengths, have been much discussed. forms of 

Box-girders (Fig. 27), were used for paddle beams of^™**"** 
vesseb at Millwall by Messrs Fairbaim and Co. as early as g^^Q^th. 
1840. They are stronger than any of the forms of plate- 
beams given above ; and for long spans on board ship, plate- 
beams should not be used on account of their want of 
lateral stiffness, unless they are supported by trimmers or 
fore and afl carlines. 

The ordinary rule for the strength of iron-beams^ as given 
by Mr Fairbaim, is applicable to all the foregoing forms, 
the number 80 being used as the constant to represent the 
strength of the box-beam, and 75 that of the plate-beam. 

Let W represent the breaking weight in tons, a the 
area of the bottom flanche, d 3ie depth of the beam, 
and / the length of the beam, C representing the con- 
stant as usual. Then the area of tne bottom flanche 
multiplied by the depth of the beam, and by 80 for a box- 
beam, and 76 for a plate-beam, and the product divided 
by the length of the beam (all these dimensions being 



^ See Fro€Hdingi O. E. Intt., voL zv., p. 176 ; and the satject will be found further Investigated, vols, zi., xiv., and zvL 
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Material! taken ki inches), will give the breaking-weight in tons— 
UBed io ^j adc 

Ship- or W=— ^ 

V ^ ^j It will be observed that the top flanche is not an element 

^ ^"^^ in this formula. Its correctness, therefore, is dependent* 

iron ^axiM "P^" ^^® maintenance of certun relative and definite pro- 

continaed. ' portions in the parts, and it is not applicable to beams of 

indefinite forms or proportions. For beams of the ordinary 

length used in ships, the top and bottom flanches may b^ 

made of equal sectional area, and the greater the lenglii of 

the beam the greater should be the comparative sectional 

area given to the top flange, to prevent its buckling or 

bending. 

It has been argued that one-half the area of the centre 
web or plate should be added to the sectional areas of the 
top and bottom flanches, so as to include its stren^h as one 
of the elements of the formula, and a new formula be then 
deduced, but the rule, as given, is more simple, and may be 
relied upon. 

From the nature of the material it is considered that 
wrought-iron beams may be loaded up to one-half of their 
breaking weight, though with cast-iron this limit is not per- 
mitted to exceed one- third. 

The following are given as examples of the rule : — 

(1.) What is the breaking weight of a box-beam 60 
feet long, between the supports 18 inches deep, and the 
area of the section of the bottom flanche being 16 inches ? 



W= 



16x18x 80 
720 



= 32 tons. 
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(2.) Wliat is the breaking weight of a plate-beam 30 
feet long, between the supports 10 inches deep, and the 
area of die section of the bottom flanche being 5 inches ? 
„, 5x10x75 ,^ ., ^ 

^ 360-=^^^^^"^ 

The crushing force which malleable iron is capable of 
sustaining has been sUted to be 70,000 lb. per square 
inch, but it could only sustain this great load when the 
force applied is so truly in the axis of the material, and 
when the specimen under pressure is so short that no de- 
flection is produced. Wrought-iron, however, is very liable 
from its nature to give way by bending or buckling when 
the length bears too great a proportion to the area of the 
cross-section. This was previously mentioned when the 
relative sections of the area of the top flanches of beams 
which are exposed to a crushing force were recommended 
to be increased. 
Strength of It has been found by experiment that wrought-iron is 
wrought- crippled, and its power of resistance destroyed by a weight 
of 30,000 to 40,000 lb. per square inch, whenever the length 
is such as to permit of its bending. The load, therefore, 
which it may be considered safe to put upon it in practice 
may be assumed at 6000 to 8000 lb. per square inch for 
columns of ordinary proportions. With this load the 
length of the column should not exceed ten times its 
diameter, and however short the column may be made, 
the load should never exceed 10,000 lb. per square inch of 
section. 

The strength of similar columns of wrought-iron, as 
before stated to be the case with wooden columns, varies 
as the squares of their lengths inversely. 

In all columns it is most important that the pressure 
should be applied in the line of the axis of the material. 
By Hodgkinson's valuable experiments on the subject 
must be in of columns, it was found that the strength of a column 
1!"!L-L"i* rounded at both ends, in comparison with one whose ends 
'*'*^"" *were flat, was as one to three. This result no doubt 
arose mainly from the strain not being correctly conveyed 
and kept in the axis of the material. If the strain on a 
column be in any degree greater on one side than on the 
other, this side will be unduly compressed, while the otlier 
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side will be extended, and fracture or crippling will take tfateri 
place with a very small proportion of the load which the 
column ought otherwise to have sustained. 

Dr Young was the first to investigate this subject pro- 
oerly, and his work may still be consulted with advantage by 
any one who is desirous of following up this inquiry. When 
treating of the strength of riveted joints, the importance of 
attending to the line of the strain, when the material was 
exposed to a tensile force, was dwelt upon, and it is evi- 
dent, from what has now been said, that this is still more 
important when it is exposed to a crushing force. In 
the latter case, if the column be in the least degree 
curved, the strain increases the deflection, whereas in 
the former any curvature will be diminished, the tendency 
being to pull the material into a straight line. Hence, 
it is of the greatest importance to place columns directly 
under the weight which they support, and to avoid 
u equal strains on the sides, whether they be round 
or square. With wrought-iron columns it is also very evi- gtrenir 
dent, that by using a hollow column much greater strength wrong] 
is obtained from the same quantity of metal, great stiff- iron tu 
ness bein^ obtained by the increased dimensions. Hollow ^ ^^^ 
wrought-iron tubes, such as those used by engineers in 
boiler-making, may therefore be used with great advantage. 
They may be rolled to almost any diameter and lengtli 
likely to be required in shipbuilding. No experiments 
appear yet to have been made on the power of such tubes 
to resist a direct crushing force, but the following experi- 
ments were lately made at Portsmouth Dockyard, by Mr 
Lynn of that yard, to test their power of resistance when 
used at an angle, as a pair of sheer-legs, to raise screw- 
propellers on board ships. The tubes were i inch thick, 
4 inches external diameter, and 12 feet long. They were 
fitted with wrought-iron ends, the lower ends being pre- 
pared to rest on a step on the deck, and the upper ends 
had a double and single eye to fit into each other, and re- 
ceive a pin for tlie shackle to carry the weight The 
length was thus increased, firom step to eye, to 12 feet 5 
inches. At 9 feet spread at the base, one of the tubes which 
had been annealed in the fire for the purpose of straighten- 
ing it, as it was slightly curved when received from the 
maker, deflected f inch when the weight reached 26 
tons. On removal of the weight it returned f th inch, 
leaving a permanent set of fth inch. At 7 feet spread 
at the base, the same tube yielded when the weight reached 
29j^tons, the other tube remaining uninjured. 

The durability of iron is entirely dependent upon the Durabil 
state in which its surface is kept. Under ordinary circum- of ^'on 
stances there is probably no better preservative than good 
paint ; but in the interior of iron-vessels it tends materially 
to their preservation, if the surface be coated with asphalte, 
or cement sufficiently thickly to cover the heads of the 
rivets. In some cases it is even desirable, especially in the 
sharp run of a ship fore and aft, in the position of the 
dead-wood in a wooden vessel, to fill up the entire spaces 
between the frames, and form a flush surface. The ex- 
terior also of an iron-vessel is easily maintained in eood 
condition by frequent painting. Below the water-line, 
where the surface cannot be reached by heeling the ship to 
a moderate degree, the iron is not apt to corrode. There 
is no chemical action by sea-water upon malleable iron, and 
there is not sufficient oxygen present below the surfiu^e 
to induce oxidation. In every instance in which an iron- 
vessel has been rapidly destroyed, it has been by corrosion 
on the interior surface. Great injury has in some cases re- 
sulted fi-om acids leaking from certain cargees, such as sugar, 
and also in parts where the leakage of brine from provision 
casks has been allowed to lie upon the plates. 

For gun-boats or vessels, which it may be desired to lay 
up or preserve for any lengthened time, iron is peculiarly 
adapted, as, under such circumstances, the whole of the 
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surfaces can always be attended to both externally and in- 
ternally. 

Malleable-iron, when submerged in salt-water, rapidly 
becomes foul by sea-weed and shell-fish adhering to its 
suiface ; but these do not cause decay ; they may rather be 
said to form a coating to protect the iron from decay of 
any kind as long as it is submerged. 

The decay of iron externally on ships' bottoms has, how- 
ever, been observed to take place in the neighbourhood of 
copper-pipes. This is caused by a ealvanic action which 
takes place between the copper and the iron, tending to 
the preservation of the former and the destruction of the 
latter, on the same principle as that proposed to be brought 
into action by the use of Sir Humphrey Davy's protectors 
for the preservation of copper sheathing. A layer of zinc 
at the point of junction, to separate the copper from the 
iron, will protect the iron, but as the zinc will then be 
rapidly eaten away, care must be taken that it is not used 
in such a manner that a leak would ensue in consequence. 

The ready fouling of iron in sea-water is still a great 
drawback to its use. Many applications for this purpose 
have been proposed, but none seem yet to have been so 
thoroughly successful as to require any special mention as 
deserving of any decided preference. 

The weight of a cubic foot of wrought-iron is 480 lb. 
The weight of a square foot of plate ^th inch thick, is 
therefore 10 lb., and this gives a ready and easily remem- 
bered standard for calculating the weight of any surfaces 
of iron of different thicknesses. 



PRACTICAL BUILDIKO. 

There is, perhaps, no structure exposed to a greater 
variety of strains than a ship, and none in which greater 
risks of life and property are incurred. 

A consideration of the disturbing forces in action, either 
to injure or destroy the several combinations embraced in 
its structure, is therefore most important. And a thorough 
knowledge of their action is necessary to a practical builder 
to enable him to guard against them, in whatever form they 
may present themselves, and to dispose and arrange the 
materials at his command, accordingly, in the most judi- 
cious manner. Some of these forces are always in action 
whether the ship be at rest or in motion. She may be 
at rest floating in still water, and will be at rest if cast on 
shore ; and when there, — she may be resting on her keel 
as a continuous bearing, with a support from a portion of 
her side, — she may be supported in the middle only, with 
both ends for a greater or less length of her body lefl 
wholly unsupported, — or she may be resting on the ends 
with the middle unsupported, — or under any other modifi- 
cation of these circumstances; and under all these the 
strains will vary in their direction and in their intensity. 

If the ship be in motion, the same disturbing forces may 
still be in action, with others in addition, which are pro- 
duced by, and belong only to, a state of motion. When a 
ship is at rest in still water, it has been before explained, 
that the upward pressure of the water upon its body is 
equal to the total weight of the ship, but it does not neces- 
sarily follow that the weight of every portion of the vessel 
will be equal to the upward pressure of that portion of the 
water directly beneath it, and acting upon it ; on the con- 
trary, the shape of the body is such that their weighte and 
pressures are very unequal. 

If the vessel be supposed to be divided into a number 
of laminse of equal thickness, and all perpendicular to the 
vertical longitudinal section, it is evident that the afker 
laminse comprised in the overhanging stem above water, 
and the fore laminse comprised in the projecting head also 
above water, cannot be supported by any upward pressure 
from the fluid, but their weight uiust be wholly sustained 



by their connection with the supported parts of the ship. Practical 
The laminae towards each extremity immediately contiguous Building, 
to these can evidently derive only a very small portion of ^"^V^^ 
their support from the water, whilst toward the middle of 
the ship's length a greater proportionate bulk is imraersedi 
and the upward pressure of the water is increased. 

At some certain station from the middle of the length in Certain 
each body, fore and afl, the upward pressure will therefore «*c*^o«»» 
be equal to the weight of the superincumbent laminae, and ^"JenT 
all the laminae composing that portion of the body between 
these two stations will be subjected to an excess of pres- 
sure above their weight, tending; to force them upward ; 
which uoward pressure will be the greatest at the laminae 
having tne greatest transverse area of section. Now, as 
the total pressure upward is equal to the total weight of the 
vessel, this excess of upward pressure to which the midship 
part of the body is subjected, must be equal to the excess 
of weight over the upward pressure in the parts of the 
vessel before and abafl those laminae at which the pressure 
and weight have been supposed to be in equilibrio. 

A ship, when at sea, is subjected to severer strains than Strength 
when floating at rest, and if cast on shore it may be sub- mu>t be 
jected to still greater strains. Its strength, therefore, as a ®^"*^ 
fabric, should be considered with reference to the severest J^^^^^ 
trial of strength which may be required of it under any strains, 
circumstances. 

A ship floating at rest under the view just taken of the 
relative displacement of different portions of the body, if A ship at 
the weights on board are not distributed so that the different ^^ °**J 
laminae may be supported by the upward pressure beneath ^^J|[^ ^ 
them as equally as possible, may be supposed to be in the ^ beam, 
position of a beam supported at two points in its length at 
some distance from the centre, and with an excess of weight 
at each extremity. 

At sea it would be exposed to the same strain; and if also when 
supported on two waves, whose crests were so far apart that '* '**• 
they left the centre and ends comfmratively unsupported, 
the degree of this strain would be much increased. The 
strain would be still more severe if the vessel got aground, 
and rested on two isolated points situated in the supposed 
positions in her length. 

Under these circumstances, however, the strain wouid 
depend upon whether the weights in the middle or in die 
ends preponderated. The latter is the usual case ; and 
then the whole of the upper portion of the vessel will be 
subjected to a tensile strain from the tendency of the ends 
to droop. 

The more these two points of support approach each 
other, or if they come so near each other that the vessel 
may be looked upon as supported on one wave, or on one 
point only in the middle of her length, the greater will be 
the tensile strain on the upper portion, and the crushing 
strain on the lower portion of the fabric of the ship. 

The importance, therefore, of so forming the deck and Importance 
the upperworks that they may afford an efficient tie is^'^W®'' 
apparent; and it is to be feared that this has been too much ^^ *' * 
neglected, especially in many iron-ships. 

If a vessel be weak in this respect, and touch the ground 
in the middle of her length, the consequences will neces- 
sarily be most disastrous, as she will open at perhaps more 
than one place, and her sides will tear down instantaneously 
after the tie of the deck and upperworks is gone. These 
results appear to accord with the accounts given of the 
manner in which several iron-vessels have broken up on 
their being cast ashore. 

A vessel whose weights and displacements are so dis- Hogghig 
posed as to render her subject to a strain of this kind be- *°** '"***" 
yond what the strength of her upperworks will enable her °^* 
to bear, will assume a curved form. 

The centre is curved upwards by the excess of the pres- 
sure beneath it, and the ends drop, producing what is called 
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Practical " hogdng.'' The main remedy for these evils, as before 
BnUding. statec^ is in the strength of the deck and upperworks, and 
V^^v'v^ their power to resist a tensile strain. There is seldom a 
want of sufficient strength in the lower parts of the vessel 
to resbt the crushing or compressing force to which it is 
subjected. The decks of vessels should not, therefore, be 
too much cut up by broad hatchways ; and care should be 
taken to preserve entire as many strakes of the deck as 
possible. The tensile strength of iron can be brought to 
bear most beneficially in this respect, and some continuous 
strakes of it laid upon the tops of the beams and below the 
deck-plank would add materially to the strength of all ships. 
Deck-planking has been sometimes laid diagonally at an 
angle across a ship, but it will be evident, from these re- 
marks, that the value of the longitudinal tie b thereby much 
lessened, and there is no sufficient corresponding benefit of 
any other kind to justify the whole deck being laid in this 
manner. 
Too much Great sheer, or rising of the deck, fore and afl, is ob- 
shear ob- jectionable, firom its lessening the strength of the longitu- 
jeetionable. ^^ ^^^ though it is much practised, as it gives a lively 
appearance to a ship, and hides the defects of hogging if it 
should occur. 

In the whole of the upper parts of a ship, as well as in 
the deck, every means should be taken to increase the 
power of resisting tension. In a wooden ship the upper 
part of the firame should be chain-bolted wherever the con- 
tinuous range of bolts can be placed so as not to interfere 
with the in and out fastenings; and the shifts of the different 
wales, and other parts, which act as longitudinal ties, should 
be carefully attended to. The waterway-planks and shelf- 
pieces are also roost important, and their continuity should 
be maintained throughout the length of the vessel, with as 
little diminution of strength as possible, at the junction of 
the different lengths, 
particular- In iron-vessels the parts corresponding to these are par- 
ly in iron ticularly important, as the plating exposes a very weak edge 
at the top, and is liable to be torn down if this edge be not 
well guarded and supported. To enable the lower part 
of the ship to resist the compression to which it is subject, 
the spaces between the frames in the best built wooden 
vessels are filled in solid, so as to make, as fiur as possible, 
an incompressible mass. The various abutments of this 
part of the body should be as closely fayed or fitted as pos- 
sible. In iron-vessels, as the spaces between the fi*ames 
cannot be filled in solid, the keelsons should be of great 
strength. The power of wrought- iron to resist compression, 
when it is prevented from buckling, is here of great value, 
as the fastening of the keelson to every frame as it passes 
gives stiffisess and rigidity to it, and consequently great 
power to resist compression. 

Though these are the strains to which a ship is most 
likely to be exposed, it by no means follows that there are 
beattendttd"^ circumstances under which strains of the directly oppo- 
site tendency, when pitching and tossing, or otherwise, 
may be brought by recoil to act upon the parts. The 
weights themselves in the centre of the ship may be so 
great that they may have a tendency to give a hollow cur- 
vature to the form, and it is therefore equally necessary to 
guard aeainst this evil. When this occurs, the vessel is 
technically said to be *' sagged," in distinction to the con- 
trary or opposite change of form by being hogged. The 
weight of machinery in a steam-vessel, or the weight or 
undue setting up of the main-mast, will sometimes produce 
sagging. The introduction of additional keelsons tended 
to lessen this evil, by giving great additional strength to 
the bottom, enabling it to resist extension, to which, under 
such circumstances, it became liable; and as the strain 
upon the deck and upperworks becomes changed at the 
same time, they are then called upon to resist compression. 
In iron-vessels, the waterway-planks and shelf-pieces are 



vessels. 



Opposite 
strains 
must alMo 



to. 



Sagging. 



again, in this case, very important to aid in resisting thi^ Practical 
strain. The deck-planks may become shortened by the Building, 
deck assuming a curved form in the middle of the length ^"'^V^^ 
of the ship, the beams yielding and working with them ; 
and a crushing strain is then brought to bear upon the 
plating of the topsides, which they are not calculated to 
sustain. Some light flat-bottomed river-steamers of iron 
with very full lines forward and afl, have given way from 
this cause. The best practical lesson upon the subject, 
and the most direct proof of the want of strength of iron- 
vessels at the topsides, if constructed without additional 
strengthening there, was given by the Nemesis when her 
topsides opened, as so well described by Captain Hall in 
his account of her voyage to India, and when he so judi- 
ciously strengthened her by attaching balks of timber longi- 
tudinally to die two sides. 

A corresponding action to that described as hogging A vessel 
takes place in rektion to the breadth of the vessel but ™*y *^^*' 
more particularly in the case of men-of-war, on account of *'*5 '°^ 
the weight of the ordnance concentrated along the sides. ^^^^ 
The central portion of the body is subjected to an undue 
upward pressure, while the outer portions are strongly 
acted upon by the weight there tending to depress and 
immerse them. The efiects of this action may be greatly 
modified by the form of the vessel ; fengitudinally, it pro- 
duces the upward curvature previously referred to; and 
transversely, it tends to separation of the sides, except in 
three-decked or very lofly ships, m which, if the tumblmg 
home be very great, the tendency is to produce a separa- 
tion at the main breadth and below it, and a collapsing of 
the sides above it 

Another force tending to alter the form of a vessel Horisontal 
arises from the horizontal pressure of the water on the sides pressure of 
of the vessel. The sides are compressed or forced together, ^^ water, 
and the tendency produced b to add to the curvature of 
the deck amidships, and increase the hogging both longi- 
tudinally and transversely. 

When a ship is in motion, if the surface of the sea be Other 
very uneven, so that her passage will be over the waves, ^^mses 
the supports become very variable, and the opposing J^^ ^' 
forces or upward pressure and gravitation will have a ten- i^aotioi? 
dency to produce corresponding changes in the form of the 
body ; and if the motion of me ship be violent, and thus 
produce any sudden shock or jerk, the strain upon the ma- 
terials and upon the fiistenings will become immeasurably 
increased. 

When the ship is on a wind, the lee-side is subjected to Force of 
a series of shocks firom the waves, the violence of which the waves, 
may be imagined firom the effects they sometimes produce 
in destroying the bulwarks, tearing away the channels, 
&c The lee-side is also subjected to an excess of hydr9- 
static pressure over that upon the weather side, resulting 
from the accumulation of the waves as they rise ageunst 
the obstruction offered by it to their free passage. These 
forces tend in part to produce lateral curvature. When in 
this inclined position, the forces which tend to produce 
hogging when she is upright also contributes to produce 
this lateral curvature. By experiments made on her Ma- 
jesty's ship Genoa, in 1823, by Mr Moorsom, a member of 
the late school of naval architecture, he ascertained that 
this lateral curvature amounted to 1^ inch on each tack, 
making an alteration of form to tlie extent of 3 inches 
firom being on one tack to being on the odier. 

The strain from the tension of the rigging on the wea- Tension of 
ther side when the ship is much inclined is so great as the riggiug 
frequently to cause working in the topsides, and sometimes 
even to break the timbers on which the channels are 
placed. Additional strength ought therefore to be given 
to the sides of the ship at this place ; and in order to Keep 
them apart, the beams ought to be increased in strength in 
comparison with the beams at any other part of the ship. 
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It has been proposed to introduce tie-rods from the chan- 
nels to the step of the roast, so as to render each mast and 
its supports a combination of struts and ties with the 
strains self-contained. This may be explained by the an- 
nexed figure. 

I^et AB represent the deck-beam, or beams of the ship at 




the channels, CD the mast, and AC and CB the shrouds. 
Now, if the ties AD and BD be introduced, it is evident 
that any additional strain brought upon AC or CB will be 
transferred to AD or BD, and resisted independently of 
any strength in the sides of the ship, so long as AB the 
beam, and CD the mast, are rigid and do not bend. By 
this system, also, any excessive strain is prevented from 
being brought upon the step of the mast at D, producing 
sagging, by setting up the rigging unduly. Though the 
ties AD and BD cannot conveniently be introduced in 
ships in direct lines, as shown in the woodcuts, the princi- 
ple proposed may yet be brought into play by curved ties of 
sufficient stiffisess not to straighten under the tensile strain 
to which they will be exposed. 
Ocneral re- The foregoing are the principal disturbing forces to which 
marks on the fabric of a ship is subjected ; and it must be borne in 
ril!^^*"*^ mind that some of these are in almost constant activity 
to destroy the connection between the several parts. 
Whenever any motion or working is produced by their 
operation between two parts, which ought to be united in 
a fixed or firm manner, the evil will soon increase, because 
the disruption of the close connection between these parts 
admits an increased momentum in their action on each 
other, and the destruction proceeds with an accelerated 
progression. This is soon followed by the admission of 
damp, and the unavoidable accumulation of dirt, and these 
then generate fermentation and decay. To make a ship 
strong, therefore, is at the same time to make her durable, 
both in reference to the wear and tear of service and the 
decay of materials. It is evident firom the foregoing re- 
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marks, that the disturbing influences which cause '' hogg- Praetieal 
ing," commence their action at the moment of launching Building, 
the ship, and are thenceforward in constant operation. As ^"^V^^ 
this curvature can only take place by the compression of 
the materials composing the lower parts of the ship, and 
the extension of those composing the upper parts as more 
particularly explained when treating of the strength of 
beams, the importance of preparing these separate parts 
with an especial view to withstand the forces to which they 
are each to be subjected cannot be overrated by the prac- 
tical builder. The side of a ship is, however, in a some- 
what different position from the plate or web of an ordi- 
nary plate-beam, or the sides of a box-beam, on account of 
the horizontal pressure of the water against it ; and because 
in deep ships, with one or more intermediate decks, some 
of the strain is brought upon it in the middle of its depth. 
The position of the neutral axis or line between those par- 
ticles exposed to a crushing and those exposed to a tensile 
strain, is therefore very difficult to determine ; but horn a 
consideration of the circumstances just mentioned, it must 
be higher in a ship than theory would place it if the ship 
were considered in the light of an ordinary beam exposed 
to strains brought upon it in the ordinary way. 

The importance of the system of diagonal trussing and Diagonal 
bracing in ship-building appears to have been first fully truBsing aa 
appreciated by Sir Robert Seppings, and the principle on * T^* **' 
which it should be introduced to have been first explained JJ^I^^ 
by him. It is obvious that if four pieces of timber be put 
together, so as to form a square, or a rectangular parallelo- 
gram, with theu- ends connected by a round pm only at 
each corner, they may assume the form of any other paral- 
lelogram whose sides are of the same length, but that in so 
doing the length of the two diagonal lines will be altered ; 
thus — 

In both of the annexed figures, the sides are of the same 
length, but the dia- 
gonal AC of fig. 29 is 
shortened intoac in fig. 
30, and BD of fig. 29 
is lengthened into bd 
in fig. 30. The intro- 
duction, therefore, of 
diagonals of a fixed or 
unalterable length into 
any piece of frame- 
work will tend to 
prevent alteration of 
form, and it will be d 
perceived that the duty 

required of the two diagonals in resisting any change is dif- 
ferent, the one being required to resist extension, and the 
other to resist compression. One diagonal only is sometimes 
considered sufficient, but in this case care must be taken 
that the material of which it b composed, and the man- 
ner in which it is applied, be such that it may be fit to 
resist either extension or compression, if the frame- work is 
liable to be alternately strained in either direction. In any 
piece of frame- work,' however large, a straight wrought-iron 
bar is excellent as a tie, but as a strut it would be nearly 
useless on account of its liability to bend. Wrought-iron, 
however, is the material chiefly used in diagonal bracing; 
and it may be used with propriety for both diagonaJs, 
wherever on account of liability to a strain in both direc- 
tions two are used, because each in its turn will resist ex- 
tension, and that diat^onal which is exposed to compres- 
sion will be protected from injury by the resistance of the 
other to extension. The sides of a ship may be supposed 
to be divided into a number of pieces of frame-work of 
imaginary outlines or dimensions. Those embraced in the 
midship body may be supposed liable to be strained in 
both directions ; but the upper portions of those composing 
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the fore and afler bodies will be inclined to fall forward 
and aft respectively ; and if this tendency only is to be 
guarded against, the ties must be placed in different direc- 
tions in the two bodies sloping up from below from amid- 
ships forward and afl in panidlel lines, extension being 
the force which they will be called upon to resist. The 
system is not so much required in the bottom of a ship. In 
the decks diagonal trussing, placed diagonally across a ship, 
is advantageous as tending to prevent the ship working, by 
one side advancing or receding alternately with the other, 
and here the diagonals should be made to cross each other 
and lie in both directions. 

Diagonal trussing, as used by Sir Robert Seppings, was 
introduced into some ships as a series of frame-work along 
the centre of the ship, from pillar to pillar, from the keelson 
to the decks, and he arranged these on the principle of 
depending upon struts and not upon ties. Wrought-iron 
was then much less used than in Uie present day, and tim- 
ber forms an excellent material for a strut, weight for 
weight, in comparison with solid iron-bars, on account of 
its dimensions giving it stiffness. Struts are also conve* 
nient because they require comparatively little attention to 
the fiistening of their ends. They abut against a surface, 
or into a corner, and their ends are easily prevented from 
shifting. With ties this is very different ; their ends must 
be made sufficiently secure to resist a strain equal to their 
whole strength. 

Before the introduction of this system, it was no uncom- 
mon thing to find ships hogged to the extent of from two 
to three feet An instance is quoted in Portsmouth dock- 
yard of an old ship, whose keel was civved upwards to the 
extent of two feet or more, and which was grounded in dry- 
dock on a set of blocks laid level. She straightened as she 
settled upon them, and diagonal trussing being then intro- 
duced, it was found to support her in a remarkable degree, 
when she was again floated. In this case the trussing was 
applied chiefly in midships, frt)m pillar to pillar, from the 
keelson to the deck-beams. 

In iron-ships diagonals are not so much required on the 
sides of the sliip, because the plating being a connected 
surface of equal or nearly equal strengUi in all directions, it 
is incapable of motion in its parts, and the line of any sup- 
posed diagonal is incapable of extension otherwise than by 
a force sufficient to tear the plating asunder. 

A general consideration of all the strains to which ships 
are subjected naturally leads to the question of selecting 
the material which is best adapted to resist them. In 
treating of the materials used in ship- building, especial 
reference was had to the various qualities possessed by each, 
which rendered them more or less valuable individually or 
collectively. It may perhaps be expected, that before 
leaving this part of the subject a more direct comparison 
should be drawn than has yet been done between the rela- 
tive merits of wood and iron vessels, and that the points in 
their structure, in which they chiefly differ in strength and 
safety, should be pointed out. The advocates of either sys- 
tem will, no doubt, discover many errors and omissions in the 
remarks on this subject, which have been made, or which 
may now be made ; but they are given as the results of 
close observation and experience for a period of upwards of 
twenty-five years of practical connection with both classes 
of vessels. It may at the same time be stated with respect 
to this treatise, that while the increase of steam- vessels, and 
the great alterations in the forms of ships since the publi- 
cation of the previous edition of the Encyclopadia Britan- 
mcOf had to be considered, much of the alteration from the 
previous very able article on this subject, by the late Mr 
Creuze, is caused by the necessity of now treating of iron- 
ships equally with those of wood. An endeavour has been 
made to introduce as much information respecting iron- 
vessels, in addition to as full information respecting wooden 



vessels, as the assigned limits would permit ; and tlie sub- Pmctlcal 
stance of the article by Mr Creuze has been retuned in BoUding. 
many points, and free use has been made of it wherever ^"^V^*^ 
desired, so as to form, as far as may be, a concise and con- 
secutive treatise. 

If strength alone were to be assumed as the basis of com- Basis of 
parison, without reference to weight or cost, it would pro- compari- 
bably be conceded that a stronger vessel could be built of •®°* 
iron than it would be possible to construct by any combi- 
nation of wood. It will, however, be more practicsdly use- 
ful to compare vessels of about equal weight, or equal cost 
or strength. 

An individual frame in an iron- vessel is formed with Pr*«*«*» 
more continuity of strength throughout its length, than 
is the case in a wooden vessel, and greater opportunity is 
given of obtaining strength, no matter what may be the 
form of the body. By the variety of form into which iron 
can be rolled by the manufacturer, opportunity is also given 
to obtain the desired strength with less useless material. 

In the sheathing, whether internal or external, much Sheathing, 
greater difference exists. In wooden vessels the planks 
are laid side by side, and with few exceptions arc not 
fastened or connected with each other ; indeed they are 
forced asunder by the caulking required to make the joints 
between them water-ti^ht. Their only connection Uiere- 
fore is by means of the fastenings which unite them to the 
frames. The plating of an iron-vessel, on the contrary, 
is made into one completely connected surface, and even 
if all the frames were removed, it would remain in shape, 
and would still form a vessel of great strength and stifiness. 
The fastenings, also, to the frames will not bear compari- 
son, the power of iron to resist shearing across being so 
much greater than that of treenails or copper-bolts. 

The power of iron-plates to resist a force similar to that Resittanoe 
to which they would be subjected if an iron-vessel took ^ ^«Jg»"g 
the ground on a hard bottom, with some projecting points f^^ ^^ 
of rock or stones, was also experimented on by Air Fair- 
bairn. The plates were placed upon a frame, leaving a 
space of 1 foot square, unsupported, and on the centre of 
this a bar of iron, 3 inches diameter, with its end rounded, 
was brought to bear. Plate ^ inch thick was burst with a 
force of 16,779 lb., and a plate i inch thick, bore a strain 
of 37,723. The plate of double the thickness, therefore, 
bears more than double the pressure. The power of tim- ^J ^al**"" 
ber to bear a similar strain was tested at the same time. 
Oak planks, 3 inches thick, were burst with a force of 
17,933 lb., or only a little more than was required to burst 
the same surface of a plate i inch thicL Oak planks, of 
1^ inch thick, were burst with 4406 lb. A plank of double 
the thickness, therefore, bore much more than double the 
pressure, the proportion being as the squares nearly. 

Beams of iron are applicable to both classes of vessels, B«unt. 
and their superiority is now becoming so generally acknow- 
ledged, that they are being largely used in wooden vessels 
in the merchant-service and in the French navy. It is, General 
however, to the results of the combination of these mate- »*""g^*>- 
rials as a whole that consideration must chiefly be given. 
Unfortunately there are no want of instances of both species 
of vessels going to pieces suddenly when cast on shore on 
rocks; and until iron-vessels are double-plated with an 
interior water-tight sheathing, wooden vessels, with solid 
bottoms of floors and futtocks, will probably give greater 
security in such a position for a short period of time if the 
sea be rough, and for a greater period if it be smooth ; on 
a flat beach, however, iron-vessels seem undoubtedly to 
have the advantage. The Great Britain, lying for a whole 
winter on the coast of Ireland, and the Vanguard, lying 
ashore for several days on a rocky beach, are two notable 
instances of iron- vessels having come off comparatively un- 
injured, afler having been exposed to strains which it is 
believed no wooden vessels comd have undergone. There 
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are, at least, no such instances on record with regard to 
them. As another direct comparison, the Demerara may 
be mentioned as a wooden vessel which, afler being launched, 
grounded in the river at Bristol while being brought down, 
and she was so much injured that she was condemned ; 
whereas the Australia, an iron-vessel, on first coming down 
the Clyde grounded in a similar manner, lying right across 
the river in one of its narrowest parts, but she came off 
quite uninjured. Another instance of strength, such as no 
wooden vessel has ever exhibited, may be quoted in the 
case of an iron-vessel which, on the occasion of her being 
launched, stuck on the ways which were upon a high wharf 
above the water, and more than one-third of the whole 
length of the vessel was left totally unsupported, overhanging 
the wharf, and yet she did not break or receive any damage 

The same elements of strength which enabled these 
vessels, especially the Great Britain and the Vanguard, to 
withstand the strain to which they were exposed, will also 
be efficacious in preventing a vessel straining at sea in a 
heavy sea-way, so as to become leaky and founder at sea 
from this cause. From a consideration of such facts as the 
foregoing, the general opinion appears to be, that iron-ves- 
sels, as a whole, are not only stronger than wooden vessels, 
generally speaking, but that they may be made of greater 
or equal strength, with considerably less weight of hull. 
The extent to which this saving of weight may be carried, 
without impairing the strength to an improper or unsafe 
degree, will always be a subject of inquiry to the iron ship- 
builder ; but if he err in judgment and produce too weak 
a ship, the error must be attributed to him, and the mate- 
rial must not be considered to be in fault. 

The power of fitting water-tight bulkheads to iron-ves- 
sels is also a great advantage, and will be a source of much 
greater security hereafler, when vessels are better built than 
tiiey have hitherto been. Their importance, and the great 
additional safety which they impart, are evident, and the 
principle may be carried out to any extent, and this longi- 
tudinally as well as athwartship. In the after part of screw- 
ships, the passage alongside of the shaft to the propeller 
may be made water-tight, and communication with the 
engine-room may be cut off, if it be desired, and if proper 
arrangements be made for this purpose. These bulkheads 
also form a good protection against the very rapid spread- 
ing of fire, and in the case of any vessels particularly liable 
to this danger they might be made double, and water be 
admitted between them. 

The mode of attaching them to the ship's side also re- 
quires special attention, so that the ship may not be 
weakened by a continuous line of rivet-holes too close to- 
gether, extending down the sides and across the bottom. 
To obviate this difficulty, a practice has lately been intro- 
duced by Mr Bowman of London, to double upon the 
plates of the sheathing wherever a water-tight bulkhead 
was to be situated, by a line of plates sufficiently wide to 
take the two adjacent frames of the ship on each side of the 
bulkhead frame. Indeed, it would be far better that the 
rivets should be placed so far apart, that a slight leakage 
should be likely to take place past the bulkhead, between 
it and the sheathing of the ship, especially high up the side, 
and still more so at the shear strake, rather than that she 
should be so weakened as to endanger her breaking across at 
the line of attachment. 

The number of such bulkheads to be put into any ship 
must necessarily depend on the services on which she is to 
be employed ; but unless special circumstances prevent it, 
there ought in every ship to be one immediately abafl the 
stern, and another immediately before the stem-post. In 
no case should the compartments be so large that any two, 
exclusive of the two small compartments forward and aft 
just mentioned, being filled with water, would sink the ship ; 
and if the requirements of the ship rendered a communi- 



cation necessary between any two of the compartments, Practical 
the means of opening and shutting the water-tight doors Building, 
ought to be from the upper or weather deck, and not below ; >^^/^J 
and the communication itself ought to be made as high up 
from the keel as possible, in order that afler the ship begins 
to fill from the leak, there may be as much time as possible 
to closp »•• 

Another point for the consideration of the practical The pro- 
builder has been raised with reference to iron ships, byP''|e^yof 
the " Great Eastern" and other large vessels having been J*"'*'^*"^? 
built without a keel. The propriety of this seems very^'^^jj 
doubtful, as many wooden vessels are believed to have been without a 
saved by their false keels, and there seems to be no sound keel doubt, 
reason for alleging that equal advantages would not accrue ful. 
under similar circumstances in the case of iron vessels. 
Instances may have occurred where a sharp and thin iron 
keel has cut into the bottom of a ship ; but this may have 
resulted from the keel having been improperly formed, or 
from its being improperly attached to the sheathing with- 
out proper internal support. With a keel formed as in fig. 
41, no such evil results would be likely to accrue ; nor have 
they been found with keels formed as required by the 
specifications for an iron screw ship for the Peninsular and 
Oriental Company, figs. 61 and 62, or as shown in the 
section of a vessel by Mr Bowman, fig. 48. A keel may 
also, in some cases, be of material benefit in preventing a ship 
running so far aground as she would have done if she had 
been constructed without a keel, and thus cause her to be 
more easily got off. 

An internal water-tight ceiling of iron plates is also a Advantage 
most important advantage in iron ships, and one which of an In- 
should certainly be adopted in all large vessels. The ex- ^f*"""?, 
tent to which this may be carried up the bilge, or on the * ^1®^^^^" J 
sides, may be varied according to circumstances, — ^always j^j^^m, 
bearing in mind the importance of being able to get to the 
interior spaces, to keep them free from corrosion and decay. 
Care must also be taken that this ceiling is sufficiently 
strong to resist the great pressure of water that will be 
brought upon it. The benefit of the system has been most 
fully illustrated in the case of the " Great Eastern." 

The durability of iron-ships has been already referred to. Facility for 
as far as regards ordinary tear and wear ; but their superi- repair in 
ority in the event of injury by collision, or by being on ^^^' 
shore, is still more marked. If a few frames or floors are ^••"®"* 
broken in a wooden vessel, the amount of work required to 
be entered into to replace them is very great, a large portion 
of the plank in the neighbourhood requiring to be ripped 
off. In an iron- vessel, on the contrary, a new piece of frame 
can be introduced to replace the injured part, and the whole 
made as strong as before, by lapping pieces. And in the 
sheathing, an injured plate, or a piece of a plate, can be 
cut out and replaced without disturbing any of the other 
work. 

PRACTICAL OPERATIONS. 

After the cursory view which has been taken of the Coinmer.ee. 
strains to which ships are liable, and the general remarks ™«nt of 
which have been made on the points to be attended to in P™<^*c»^ 
their construction, it is now proposed to give a short outline ^'* ^*' 
of the proceedings in the actual building of the vessel. 

The term " laying off" is applied to the operation of Laying olT. 
transferring to the mould loft-floor those designs and gene- 
ral proportions of a ship which have been drawn on paper, 
and which have been previously referred to, and from which 
all the preliminary calculations have been made and the 
form decided. The lines of the ship, and exact representa- 
tions of many of the parts of which it is to be composed, 
are to be delineated there to their full size, or the actual or 
real dimensions, in order that moulds or skeleton outlines 
may be made from them for the guidance of the workmen. 

M 
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These working drawings are made by projection, and are 
not views of the parts as they appear to the eye. In a 
projected drawing the eye is supposed to move and be 
directly opposite to each line, as it, in its turn, is represented 
by the draughtsman. Separate drawings must, therefore, 
be made for the different faces of any object which are at 
right aneles to each other. 

The delineation in this manner of solids of a complicated 
form is of itself a science, and one which is now attracting 
much more attention than formerly. It is very ably treated 
by the Rev. Dr Woolley in a work entitled Descriptive 
Geometry. Before the publication of this work the efforts 
m tliis direction in this country had been chiefly made by 
practical men, each showing the mode of delineating the 
more difficult objects in his own art. Architectural works 
showed the mode of delineating the mouldings and details 
of the columns of the seven orders of architecture. Books on 
carpentry showed the mode of working and laying off* a 
geometrical or winding staircase, and works on ship- build- 
ing included, at great length, the modes of laying off com- 
plicated and irregularly formed parts. To show the mode 
of delineating not only the frames, but all the pieces of 
varying form which are required in the bows or stems of 
ships, would be far beyond the limits of tliis treatise. It is 
impossible to include either a complete treatise on draw- 
ing or a complete set of delineations of the modes of com- 
bining the whole of the various minute parts of which all 
classes of vessels of wood and of iron are composed. 

A proper knowledge of the minutiae of construction and 
of workmanship can only be obtained by practical experi- 
ence upon the work itself; and the form and combination 
of the parts will continually vary with the variations in the 
form and outline of the bodies and of the heads and sterns 
of the ships. 

The principal plans of a ship are the sheer plan, the 
body plan, and the half-breadth plan, and these have been 
already fully discussed, and their uses explained. In addi- 
tion to these plans it is customary to furnish the architect 
with a profile of the inboard works, showing the dis- 
position or distance apart, and the appearance of the tim- 
bers which constitute the frame, also the length or the 
heads and heels, and general arrangement of the floors 
and futtocks, the midship section, on which is described 
the moulding or athwartship size of the timbers, the 
thickness of die exterior and interior planking, the connec- 
tion of the beams to the side, the dimensions of the water- 
ways and shelf-pieces, and the forms and fastenings of the 
knees, &c. These, with a scheme of scantlings containing 
the dimensions and other particulars of the principal pieces 
which enter into the construction of the fabric, constitute 
all the preparatory inibrmation required by the builder. 
In private contracts very full information on all these points 
is generally included in the specification. 

A ship is generally spoken of as divided into fore and 
afler bodies, and these combined constitute the whole of 
the ship ; they are supposed to be separated by an ima- 
ginary athwartship section at the widest part of the ship, 
called the midship section or dead-flat. 

The midship body is a term applied to an indefinite 
lengtli of the middle part of a ship longitudinally, includ- 
ing a portion of the fore-body and of the afler-body. It is 
iiot necessarily parallel or of the same form for its whole 
length. 

Those portions of a ship which are termed the square 
and cant bodies may be considered as subdivisions of the 
tore and afl bodies. There is a square fore- body and a 
square af^er-body towards the middle of the ship, and a 
cant fore-body and a cant after-body at the two ends. In 
the square body die sides of the frames are square to the line 
of the keel, and are athwartship, vertical planes. In the cant 
boiiies the sidei of the frames are not square to the line of 



the keel, but are inclined afl in the fore-body, and forward Praetieal 
in the afler-body. The reasons for the frames in these BoUding. 
portions of a wooden ship being canted, is that, in these ^ ■' v^^ 
parts of the ship, the timber would be too much cut away 
on account of the fineness of the angle formed between aii 
athwart ship plane and the outline or water-lines of the 
ship. The timber is therefore turned partially round till 
the outside face coincides nearly with the desired outline, 
and it is by this movement that the side of a frame in the 
cant fore-body is made to point aft, and in the cant afl-body 
to pcunt forward. This will be best understood by the an- 
nexe.! figure, showing an exaggerated horizontal section of 
a fraue in the fore cant-body, the dotted line representing 
the ejctent to which the timber would have been cut away 
if it iiad been placed square to the line of Jceel, and if the 
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side a 6 had not been " canted" aft, turning on the point 
or edge a. 

In wooden ships the term " timbers" is sometimes ap- 
plied to the frames only, but more generally to all large 
pieces of timber used in the construction. Timbers, when 
combined together to form an athwartship outline of the 
body of a ship, are technically called frames, and some- 
times ribs. In iron-ships the frames are composed of iron- 
bars of various forms.. 

The terms moulding and siding are nearly synonymous Moaldinor 
with thickness and breadth, observing that the moulding of ^d siding, 
a piece of timber is the dimension of the side on which the 
mould is applied for determining its shape or curvature. 
For instance, the moulding of a beam is its length and 
thickness ; its siding is its fore and aft dimension or 
breadth. 

Room and space is a certain distance determined by the Rooui And 
fore and aft dimensions, or the siding of two adjacent dm- "?•«« 
bers, together with the opening between them. It is gene- 
rally defined as the distance from centre to centre of the 
frames, or from centre to centre of the spaces between 
them. The centre line between two adjacent frames is 
called the joint 

Shift in its general sense is applied to a certain arrange- Shift, 
ment among die component parts of a ship. Thus a shift 
of deadwood, or a shifr of plank, means the disposition of 
the buts of the dmber or plank with reference to the longi- 
tudinal distance of one joint from another, and this with 
respect both to strength and economy. 

The bevelling of a dmber is the angle contained be- Bevellings. 
tween two of its adjacent sides. Bevellings are either acute 
angles, right angles, or obtuse angles. These three sepa- 
rate cases are denominated under bevellings, square bevel- 
lings, and standing bevellings. 

Sirmarks are certain points or stadons marked on the Slrmarks. 
mould of the timbers, at which the bevellings are applied, 
in order to cut the dmber to the bevelling required at that 
S{)Ot. These sirmarks are determined, and their positions 
denoted in the body plan, by the various diagonal lines. 

Water-lines in the sheer plan, are lines drawn parallel Water- 
to the surface of the water (Plate III.) Level-lines are lines ajid 
similar to water-lines, except that they are drawn parallel l«v«l-lin«* 
to the keel instead of to the water (Plates V. and VI.) 
In the half-breadth plans, the water-lines or level-lines show 
the outline of the form of the ship at secdons at the corre- 
sponding heights in the sheer and body plans. 

Diagonal lines, as shown in the body plan and half- Di*ieonal 
breadth plan (Plate III.), and marked 1 D, 2 D, 3D ^^^ 
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show the boundaries of various sections which are oblique 
to the vertical longitudinal plane, and which intersect that 
plane in straight lines parallel to the keel. In wooden 
ships, the position of the diagonal lines drawn in the body 
plan b not arbitrary, because it has reference to the differ- 
ent timbers of which the frame is composed, and also to the 
station of the ribands and harpins. The number of dia- 
gonals is increased in the deei)er class of vessels. They 
are drawn to show the lengths of the floors and futtocks, 
together with the heights of their heads and heels above 
the keel, and are marked floor-head, &c. Diagonals, 
marked as Ist sirmark, 2d sirmark, 3d sirmark, &c., or 1 D, 
2 D, 3 D, on the body plan (Plate III.), show the heighu 
and situation of the harpins and ribands which are used to 
give support to the ship whilst in frame. In wooden ships 
they are always placed between the heads of the respective 
timbers. 

The following is the mode of setting off the diagonals in 
the sheer plan : — Take the perpendicular heights in the 
body plan, that is, the heights square to the upper edge of 
the keel of the . intersection of the diagonal with each of 
the transverse sections, and transfer these heights to the 
corresponding section in the sheer plan. Through the 
points thus obtained draw a curve, which will be die line 
required. 

To transfer the diagonals to the half-breadth plan : ob- 
serve the point of intersection of the diagonal on the body 
plan with each transverse section, and t&e the horizontiJ 
distance of each of these points fh)m the middle line, and 
transfer it to the corresponding section in the half-breadth 

{)lan« Through the points thus obtained draw a curved 
ine, which will represent the horizontal line of the diagonal. 
After these lines have been added to the sheer, body, and 
half-breadth plans on paper, the transference to the floor, 
where the ship is to be delineated to the full size, is easy. 
It is the duty of the draughtsman on the mould-lofl floor 
to fair the body, if any of the curves shown by the lines 
previously drawn on the paper do not appear of easy and 
good forms^ when represented of their full size. 

On the mould-lofl floor it is necessary, in iron-ships, to 
draw out every frame, so as to be able to give the particu- 
lars to the workmen ; and it is not only necessary to give 
them the outline of the frame, but also the beveling or the 
angle which the outer surface makes with the side at each 
spot or sirmark. This is obtained from the half-breadth 
plan at the various points where the different level lines or 
diagonal lines cross each frame. A variety of modes are 
practised by different builders of iron-ships to convey this 
information from the mould-loft to the workmen, instead of 
using moulds, as almost universally practised by builders 
of wooden ships. Great accuracy in this respect is re- 
quired in iron-ships, as in them no dubbing off or pairing 
the body by the adze is practicable. 

Expanding the body so as to represent the whole of the 
planking or outer skin or surface of a ship, is another pro- 
cess connected with laying off; and it is particularly im- 
portant to the iron ship-builder, as it enables him to obtain 
the necessary iron-plates from the rolling-mills of the exact 
widths and lengths that will be required. This is done by 
drawing a line, to represent the line where the plates meet 
the keel and stem-posts. On this line the station of any 
number of frames that may be necessary to give the de- 
sired degree of accuracy* must be set off, and at these 
stations lines must be drawn of a length equal to the girt 
or outline of the frame at that station ; this length will be 
obtained from the body plan. The number of strakes to 
be used in planking or sheathing the ship must next be 
determined and be set off accordingly, on the lines repre- 
senting the different frames ; and great art is necessary in 
this operation, as upon these lines much of the beauty of a 
•hip depends to please the eye of a connoisseur. The shifl 



or the distances between the ends of the different plates Practical 
may also be determined and marked in this plan, ana thus Bnildinc;. 
the length, width, and breadth of every plate may be accu- '«««vr!'^ 
rately ascertained. 

The circumference of the bottom being greater at the 
midship part than toward the extremities — that is, at the 
bow and buttock — the lines of the strakes taper as they 
recede from midships. They also acquire an upward curve, 
called "Sny," which renders it difficult to work the plank." Sny." 
When the sny becomes too great, a strake is ended short 
of the others, and this is termed a " stealer," as it dim!- . 
nishes the sny for the succeeding strakes. Under the 
buttock it is oflen necessary to work some of the afler- 
plank wider at the afler-end, and this has the same effect 
of diminishing the sny of the following strakes. *' Hang" 
is the exact reverse of " sny." It mostly occurs in work- 
ing plank on the inner surface of the timbers, and outside 
above the main breadth. 

With regard to the practical operations in building a 
ship, nothing more can be attempted here than a few 
general observations on the principal parts of a ship, and 
the mode of putting them together, to resist the various 
strains to which each part will be subjected. The practice 
in her Majesty's yard will be found very frilly explained in 
Fincham's outlines of shipbuilding, and in a very excel- 
lent treatise by Mr Peake, now master-shipwright at Devon- 
port. Some details of wooden ship of the ordinary system 
of construction will be first described. 

The keel of a ship built in this country is generally com- The kee) 
posed of elm, on account of its toughness, and from its not 
being liable to split if the ship should take the ground, 
though pierced in all directions by the numerous fiistenings 
passing through it. It is generally composed of as long 
pieces as can be obtained, united to each other by hori- 
zontal scarphs. These scarphs are made sloping up from 
the bottom to the upper surface, on which the floors rest. 
But the strain to which a keel is subjected has a tendency 
to curve it up or down, and not sideways. These scarphs 
should, therefore, be made vertical, in the same manner as 
scarphs of the beams, as there can be no doubt that the 
vertical scarph will give the greatest strength to resist a 
strain in this direction. 

The rabbet of the keel is an angular recess cut into the Rabbet ci 
side to receive the edge of the planks on each side of it. ^^* 1^^^ 
In the government service this rabbet is made of greater 
breadth vertically, so that the plank to fill it is required to 
be of such great thickness that it altogether loses the cha- 
racter of a plank, and becomes a stout massive piece of 
timber. This arrangement was introduced by Mr Lang, 
and has been denominated Lang's safety keel. It gives 
great additional strength to the bottom of a ship, and great 
Uteral support to the keel, when the ship takes the ground 
and rests on the edge, as the leverage to displace it side- 
ways is thus reduced. 

In the merchant service the rabbet is seldom carried so 
low down on the side, and the garboard strake or strakes 
are not so thick. The keel forward is connected to the stem 
by a scarph, sometimes called the boxing scarph, and afl to 
die stern-post, by mortice and tenon. The apron is fayed or 
fitted to the after-side of the stem, and is intended to give 
shifl to its scarphs, the lower end scarphs to the deadwood. 
The keelson is an internal line of timbers fayed upon the 
inside of the floors directly over the keel, the floors being 
thus confined between it and the keel. Its use is to secure 
the frames and to give shift to the scarphs of the keel, and 
thus give strength to the ship to resist extension length- 
ways, and to prevent her hogging or sagging. The fore- 
most end of the keelson scarphs to tlie stemson, which is 
intended to give shift to the scarphs connecting the stem 
and keel. The frames or ribs are composed of the strong- 
est and n^ost durable timber obtainable. By Lloyd's rules 
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Practical a durability of twelve years is assigned to firames composed of 
Buildiog. English, African, and live oak. East India teak, Morning Saul 
^"^V^^ greenheart, morra or iron-bark ; of ten years to mahogany of 
hard texture, Cuba, sabicu, and pencil cedar ; of ten years 
for floors and first Rittock, and nine years for second and 
third futtocks and top timbers, to Adriatic, Spanish, and 
French oak; of nine years to red cedar, angelly and 
Venatica ; of nine years for floors and first futtocks, and 
seven years to second and third futtocks and top timbers 
of othei: continental white oaks, Spanish chestnut, stringy 
bark, and blue gum ; of eight years and seven years re- 
spectively, as before, for North American white oak and 
American sweet chestnut ; of seven years for larch, hack- 
matac, tamarac and juniper, and pitch-pines. 

The floors in the government service are carried acioss 
the keel with a short and long arm on either side alter- 
nately, so as to break joint, and between the frames the 
space is filled in solid 

Longitudinal pieces of timber are worked round the 
interior of a ship for the puqjose of receiving the ends of the 
beams of the several decks; they are called shelves, and are 
of the greatest importance, not only for this purpose, but 
also as longitudinal ties and struts. In any system of 
diagonal bracing, properly carried out, they should form 
one side of the parallelogram or of the triangle, and those 
other timbers, or iron-bars, which form the diagonals or the 
other sides of the parallelogram or triangle ought to be 
firmly secured to them. A thick strake of plank used for- 
merly to be worked between the shelf and the timbers or 
frames, but now it is generally worked home upon them. 
The shelf is generally supported by some thick strakes of 
plank worked immediately under it, and formerly it was 
also sometimes supported by chocks or triangular pieces, 
like brackets on the ship's side, brought out to be flush with 
the inner edge of the shelf, and on the face of this an iron- 
knee. This chock is now generally dispensed with, and the 
lower side of the shelf is bevelled off towards the ship's side, 
and the iron-knee is forged to fit under it accordingly. 
These fastenings will be referred to when treating of the 
means of securing the ends of the beams. The other fast- 
enings of shelf-pieces are by numerous through-bolts. 
Timbers which are fayed to the inside of the fi*ame, or upon 
the inside of the plank, longitudinally or diagonally, solely 
for the purpose of supporting the frame, are called riders. 

The beams of a ship prevent the sides from collapsing, 
and at the same time carry the decks. The beams are 
spaced, and their scantling settled upon, according to the 
strength required to be given to the decks, and to suit the 
positions of the masts and hatchways, and other arrange- 
ments connected with the economy of the ship. All beams 
have a curve upwards towards the middle of the ship called 
the round up. This is for the purpose of strength, and for 
the convenience of the nm of the water to the scuppers. 
Wooden beams are single piece, two, three, or four piece 
beams according to the number of pieces of timber of which 
they are composed. The several pieces are scarphed to- 
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scarph now very generally adopted was introduced by Mr 
Edge, late master-shipwright of Devonport dockyard, and 
is represented in the annexed figure. The beams of ships 
being supported at both ends, and one of the strains to 
which they are chiefly subjected being a downward pres- 
sure, the upper part of the beams will then be compressed, 
and the lower parts extended. It is therefore desirable 
that the lower part of the beams should not be wounded so 
as to cut the fibres across in that part. An incision above 
the line of the vertical axis is of less moment, and if an in- 
cision be made there for the purpose of introducing a 



carling, for instance, and if this be well fitted, and be of as Praetieal 
hard wood as the beam, the strength of the beam will not Building, 
be impaired, but may even be increased. ^""^v^^ 

The connection of the ends of the beams to the sides of Connection 
the ship have been made in various ways. The points to of **»• 
be considered, with reference to this connection, are, that^™' ^ . 
the beam is required to act as a shore or strut, to prevent ^^ ^j^J ^ 
the sides of the ship from collapsing, and also as a tie to 
prevent their falling apart; that the beam shall not rise 
from its seat, and that it shall not work in a fore and aft 
direction ; that the beam may be an eflective shore, no- 
thing more is necessary than that the abutment of the end 
against the ship's side may be perfect. 

In order that it may act as a tie between the two sides, it 
is generally dowelled to the upper surface of the shelf on 
which it rests; and the under surfiice of the water-way 
plank which lies u})on it is sometimes dowelled into it. 
These dowels, therefore, connect it with the shelf and the 
waterway, and through this means it is thus connected 
with the sides of the ship. There is, also, in the ships 
of the royal navy, a plank called a side-binding strake, 
scored down over and into the beam-ends at some distance 
from the side, and bolted through the side between the 
beams. The scoring into the beams connects the in and 
out fastenings of this strake with the longitudinal tie of the 
beams, but the advantage does not seem to be commen- 
surate with the labour. 

The beams are also supported by knees below them. Kneei to 
Wooden knees are chiefly used in America; and it bbeama. 
argued that they give a better support to the beam from 
their greater surface, and from their stiffness in the throat, 
or angle of the knee. The iron-knees used in the royal 
navy vary in form ; they are made not only to support the 
beam from below, but sometimes with horns to clasp it side- 
ways at a short distance from the side of the ship. The 
lower arms of these knees are so formed as to tit round the 
shelf; or sometimes, with a view to prevent the necessity of 
working the iron into this form, and at the same time afford 
additional support to the shelf, a chock is fitted under the 
shelf to receive the face of the knee. While the knee is 
instrumental in supporting the beam, it is also upon it that 
dependence is mainly placed to prevent the beam rising, or 
working in an upward direction. In these fastenings there 
appears a want of any very efficient means to prevent the 
beam straining in a fore and aft direction, or working upon 
the end as upon a pivot. 

From the short outline previously given of the disturb- Strains 
ing forces acting on a ship, it will be seen that the strain T^^^^ • 
on the ends of the beams to destroy their connection with^*™ ""** 
the side and loosen the fastenings, must be very great when 
the ship is under sail, either on a wind or before it — ^that 
is, either inclined or rolling. The principal action of these 
forces is to alter the vertical angle made by the beam and 
the ship's side — that is, to raise or depress the beam, and 
so alter the angle between it and the side of the ship above 
or below it. On the lee-side the weight of the weather 
side of the ship and all connected \vith it, and of the decks 
and everything upon it, as well as the upward pressure of 
the water, all tend to diminish the angle made by the beam 
and the ship's side below it, and consequently increase the 
angle made between them above it. The contrary effect 
is produced on the weather side, where the tendency is to 
close the angle above the beam and open that below it. If 
the beam when subjected to these strains, be considered as 
a lever, it will be evident tliat the fastenings to prevent its 
rising ought to be as far from the side as is consistent with 
the convenience or accommodation of the ship ; and that 
while the support should also be extended inwards, the 
fastening to keep down the beam-end should be as close to 
the end of the beam, and consequently to the ship-side, as 
it can be placed. 
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Pnetical The annexed section of the side of a three-decked ship 

Building, of the royal navy shows some of the modes that have been 

^^•^v^^ adopted for securing 
the ends of the beams. 

Half- Beams which do 

beams. not extend from one 
side of the ship to 
the other are called 
half- beams. They 
are introduced when- 
ever the hatches or 
openings in the mid- 
dle of the ship are 
such as to require the 
whole or unbroken 
beams to be so wide 
apart that the deck 
requires support be- 
tween them. Their 
ends, towards the 
midships, are receiv- 
ed by fore and aft 
pieces called carl- 
ings, which go from 
beam to beam ; and 
any intermediate 
athwartship pieces 

Carlings between the carlings 

and ledges, are called ledges. 

ITookB. '^^^ '^'^ **^^* ®^ 

the ship at the bows 

are connected by 
hooks, which are 
either of timber or 
of iron. It is im- 
portant to remember 
that the hooks above, i 
and those below the 
surface of the water, are subjected to an opposite strain. 
The tendency of the pressure of the water on the bow 




Fig. 83. 



is to make the sides collapse, and therefore the hooks be- Practical 
low the water's surface should not only act as ties to the Ballding. 
bow while the ship is grounded — as, for instance, when in ^^^n/^^^ 
dock — but should be formed more especially to resist the 
pressure of the water when she is afloat Those hooks 
which are above the surface of the water act principally as 
ties, the rake of the bow and the weight of its parts tending 
to separate the two sides of the ship. 

The plank, or skin, or sheathing of a ship, both external Planking, 
and internal, is of various thicknesses. A strake of plank- 
ing is a range of planks abutting against each other, and 
generally extending the whole length of the ship, A thick 
strake, or a combination of several thick strakes are worked 
wherever it is supposed that the frame requires particular 
support — for instance, internally over the heads and heels of 
the timbers ; both externally and internally in men-of-war 
vessels between the ranges of ports ; and internally to sup- 
port the connection of the beams with the sides, and at the 
same time form a longitudinal tie. The upper strakes of 
plank, or assemblages of external planks, are called the 
sheer-strakes. The strakes between the several ranges of 
ports, beginning from under the upper-deck ports of a 
three-decked ship in the royal navy, are called the channel 
wale, the middle wale, and the main wale. The strake 
immediately above the main wale is called the black strake. 
The strakes below the main wale diminish from the thick- 
ness of the main wale to the thickness of the plank of the 
bottom, and are therefore called the diminishing strakes. 
The lowest strake of the plank of the bottom, and whose 
edge fits into the rabbet of the keel, is called the garboard 
strake. 

Plank is either worked in parallel strakes, when it is called 
" straight edged," or in combination of two strakes, so that 
every alternate seam is parallel. There are two methods 
of working these combinations, one of which is called 
" anchor stock," and the other " top and butt." The 
difference will be best shown by the annexed figure. The 
difference in the intention is, that in the method of work- 
ing two strakes anchor-stock fashion, the narrowest part of 
one strake always occurs opposite to the widest part of the 
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Other strake, and consequently the least possible sudden 
interruption of longitudinal fibre, arising from the abut- 
ment, is obtained. This description, therefore, of plank- 
ing is used where strength is especially desirable. In top 
and butt strakes the intention is, by having a wide end and 
a narrow end in each plank, to approximate to the growth of 
the tree, and to diminish the difficulty of procuring the 
plank. When the planking is looked upon as a longitu- 
dinal tie, the advantage of these edges being, as it were, 
imbedded into each other is apparent, all elongation by one 
edge sliding upon the other being thus prevented. The 
shift of plank is the manner of arranging the butts of the 
several strakes. In the ships of the royal navy the butts 



are not allowed to occur in the same vertical line, or 
on the same timber, without the intervention of tliree whole 
strakes between them. 

Of the internal planking the lowest strake, or combina- Limber- 
tion of strakes, in the hold, is called the limber-strake. A »tpake. 
limber is a passage for water, of which there is one through- 
out the length of the ship, on each side of the keelson, in 
order that any leakage may find its way to the pumps. 

The whole of the plank in the hold is called the ceiling. Ceiling and 
Those strakes which come over the heads and heels of the internal 
timbers are worked thicker than the general thickness of planking, 
the ceiling, and are distinguished as the thick strakes over 
the several heads. The strakes under the ends of the beams 
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rrftotical of the different decks in a man-of-war, and down to the 
Building, ports of the deck below, if there be any ports, are called the 
^••V*^ clampa of the particular decks, to the beams of which they 
are the support, as the gun-deck clamps, the middle-deck 
clamps, &c. The strakes which work up to the sills of the 
ports of the several decks are called the spirketting of those 
decks — as gun-deck spirketting, upper-deck spirketting, &c. 
Fattenings The fastening of tne plank is either " single," by which 
of the ig meant one fastening only in each strake, as it passes 
planks. g^gj^ timber or frame ; or it may be " double," that is, with 
two fastenings into each frame which it crosses ; or, again, 
the fastenings may be " double and single,'' meaning that 
the fastenings are double and single alternately in the frames 
as they cross them. The fastenings of planks consist 
generally either of nails or treenails, excepting at the butts, 
which are secured by bolts. Several other bolts ought to be 
driven in each shift of plank as additional security. Bolts 
which are required to pass through the timbers as securities 
to the shelf, water-way, knees, &c., should be taken advan- 
tage of to supply the place of the regular fastening of the 
plank, not only for the sake of economy, but also for the 
sake of avoiding unnecessarily wounding the timbers. 

The planking in the royal yards is not usually &stened 
permanently till some time after it is trimmed and brought 
on to the bottom of a ship. It is thus allowed to season 
and shrink ; and one strake in eight or ten is left out for the 
purpose of allowing ventilation, and to make good the 
shrinkage, and also to allow the strakes to be refayed. 
Without the latter provision there would be such an altera- 
tion of edge as would throw the holes made for the tem- 
porary securities out of the range of the strakes ; but with 
this precaution it is very seldom that the alteration of edge is 
such as to require new holes, especially as the iron screw-eye 
bolts used for this temporary fastening are of much smaller 
diameter tlian the permanent treenail fastening, and there- 
fore the holes for them through the plank can still be made 
good holes for the treenails. This method of securing the 
planks by a first or temporary fastening, to be afterwards 
substituted by a treenail, is also of advantage in enabling 
them to be brought into close contact with the timbers, 
in the saving of bolt fastenings, and in causing a good and 
regular seam to be given for the caulking. 

The advantages and disadvantages of iron as a fastening 
for planking have been already discussed. The strength 
of treenails to resist a cross-sheering strain, as found by Mr 
Parsons, late of H.M. Dockyard Service, is shown in the 
following table : — 



Bxperi- 
ments on 
futenings. 



' Table of the Transverse Strength of Treenails of English 
Oak used as fastening for Planks of 3 and ofQ inches 
in thickness, and subjected to a Cross Strain. 



Namber 
of the 
Ezperi. 
ment. 


Diameter of tb e Treenails. | 


1 Inch. 


U Inob. 


1 \i Inch. 


1| Inob. 1 


Thickness of the Plank. | 


Sin. 


6 In. 


Sin. 


6 In. 


Sin. 


6 In. 


Sin. 


6 In. 


1 

3 

3 

4 

6 

6 

7 

8 

9 
10 
11 
12 
13 

ATtrage 


T. C. 
1 8 
1 7 
1 2 

1 6i 

2 12 
2 2 
2 4 
1 6 
1 8 

1 2 

2 
1 8 
1 16 


T. C. 
1 7 
1 15 
1 8 
1 8 
1 3 
1 7 

1 10 

2 3 

1 8 

2 3 
2 

1 7 

2 8 


T. C. 

1 14 

2 2 

1 17 

2 2 
2 2 
2 9 
2 8 
2 7 
2 12 
2 10 
2 7 
2 10 
2 17 


T. C. 
2 8 
2 2 
2 19 
2 2 

1 16 

2 10 
2 10 
2 
2 10 
2 15 
2 
2 
2 


T. C. 
2 
2 6 
2 15 
2 4 
2 18 

2 6 

3 7 

2 6 

3 
3 

3 9 

4 2 
3 2 


T. C. 
3 12 
2 10 

2 10 

3 12 
2 6 
2 5 

2 5 

3 

4 
4 10 

2 18 

3 
3 18 


T. C. 

3 
2 10 

4 

2 8 

3 10 
3 10 
3 5 

3 5 

4 6 

3 8 

4 
4 10 
4 2 


T. C. 
5 10 

3 13 

4 

3 8 

4 

5 8 
3 12 

3 13 

4 13 

4 
3 8 

5 
5 5 


1 11 


1 13 


2 6 


2 6 


2 16 


3 S 


3 10 


4 6 



*' In all these experiments on treenails, when the tree- Practical 
nails were evidently good, they gave way gradually. In Building, 
some of the rejected experiments, however, the treenails ^*^*v^^ 
certainly did break off suddenly, but then they were evi- 
dently, on examination, either of bad or over-seasoned ma- 
terial. It has been asserted that the treenails made from 
the Sussex oak are much stronger than those made from 
the New Forest timber, or any other English oak. To 
ascertain the truth of this assertion, some experiments were 
made with Sussex and New Forest treenails of all sizes ; 
and the result was, that there was not the least difference 
in them, the New Forest were, on experiment, quite as strong 
as the Sussex. In the experiments on treenails, the plank 
generally moved about halftan inch previous to the fracture 
of the treenail." 

The following useful tables were also drawn up by Mr 
Parsons from a series of valuable experiments carefully 
made by him, and show the longitudinal holding power of 
treenails. The first of these tables exhibits the adhesion 
of iron and copper bolts, driven into sound oak, with the 
usual drift, not clenched, and subject to a direct tensile 
strain. By drift is meant the allowance made to insure suffi- 
cient tightness in a fastening ; it is therefore the quantity 
by which the diameter of a fastening exceeds the diameter 
of the hole bored for its reception. 

" Table of the Adhesion of Iron and Copper Bolts driven 
into sound Oak with the usual Drifts not clenched, and 
subjected to a direct Tensile Strain, 







Iron. 


Copper. 


Diameter 
of the 
Bolt. 


Number 
of the 

Experi- 
ment. 




._ __ __ 




Length of the Bolt driren into the Wood. | 








, 






Foor 


Six 


Fonr 


Six 






Inebes. 


Inches. 


Inebes. 


Inches. 


Inches. 




Tons. Cwt. 


Tons. Cwt. 


Tons. Cwt. 


Tons. Cwt. 


r 


1 


1 13 




18^ 




,.. 


2 


2 


... 


18 


... 


3 


2 2 




19 


... 


I 


4 


1 13 




18 


... 




1 


2 6 


2 12 


1 7 


2 2 


♦■••■ 


2 


2 4 


2 11 


1 8 


2 2 


3 


2 4 


2 16 


1 10 


2 2 




4 


2 


2 10 


1 13 


2 


^ 


1 


3 2 


8 12 


2 10 


2 15 


i- 


2 


3 4 


4 


1 17 


3 10 


3 


3 


4 


2 2 


3 1 




4 


2 10 


4 


2 5 


2 15 




1 


3 2 


5 5 


3 


4 5 


|..., 


2 


3 


4 8 


3 6 


3 18 


3 


3 1 


4 8 


3 6 


3 16 




4 


3 1 


5 


2 9 


3 5 


( 


1 


3 3 


6 


3 10 


5 5 


... 


2 


3 2 


6 


3 10 


5 6 


3 


3 10 


5 


3 10 


5 8 


I 


4 


3 10 


6 


3 18 


4 18 


( 


1 


4 10 


6 2 


4 


4 13 


.... 


2 


5 12 


5 10 


4 


4 13 


3 


3 10 


6 11 


4 5 


4 19 


I 


4 


4 10 


6 4 


4 2 


4 19 


, 


1 


5 


7 2 


4 2 


5 19 


1...] 


2 


4 7 


8 1 


4 8 


5 


3 


4 11 


6 5 


3 15 


6 5 




4 


4 


7 


4 10 


5 



'* In Riga fir the adhesion was, on an average, about one- 
third of that in oak, and in good sound Canada elm it was 
about three-fourths of that in oak. 

The following table exhibits the strength of clenches 
and of forelocks as securities to iron and copper bolts, 
driven six inches, without drif^ into sound oak, either 
clenched or forelocked on rings, and subjected to a direct 
tensile strain. It gives the diameter of the bolt on which 
the experiment was made, as well as the number of the 
experiment : — 
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Practical " Table of the Strength of Clencltes and of Foreioeks^ €U 
Building. securities to Iron and Copper Bolts^ driven six inches^ 
^msy^ without Drifts into sound Oaky either clenched or fore- 
locked on Rings, and subjected to a direct Tensile Strain. 



Diameter 
of the 
Bolt. 


Namber 
of the 
Experi- 


Iron. 


Copper. 












ment. 


Cleneh. 


Forelock. 


Cleneh. 


Foreloek. 


Ineh. 




Tons. Cwt. 


Tons. Cwt. 


Tone. Cwt. 


Tons. Cwt. 


^ 


1 


1 16 


16 


1 


8 


}.... 


2 


1 13 


14 


19 


8 


8 


1 9 


20 


1 


7 


V 


4 


1 9 


18 


1 


6 


, 


1 


3 


1 15 


2 10 


1 4 


|...< 


2 


3 


1 . 8 


2 10 


1 


3 


2 16 


1 9 


2 5 


1 2 


V 


4 


2 15 


1 14 


2 9 


1 4 


-. 


1 


4 15 


2 11 


8 10 


1 18 


}.... 


2 


4 10 


2 15 


3 15 


1 18 


3 


4 5 


2 10 


4 


2 4 


V 


4 


4 12 


2 12 


4 10 


1 16 


f 


1 


5 18 


3 15 


6 


2 13 


f...« 


2 


6 8 


3 6 


5 15 


2 10 


3 


6 8 


3 


6 5 


2 16 


V 


4 


6 


3 7 


5 10 


2 10 


f 


1 


7 10 


3 10 


7 




!...' 


2 


7 10 


3 15 


7 




3 


8 


3 10 


7 5 




V 


4 


8 15 


3 15 


7 8 




( 


1 


11 11 


5 1 


7 16 




... 


2 


11 15 


5 10 


7 16 




3 


8 11 


4 6 


7 12 




I 


4 


8 6 


4 15 


7 5 




/- 


1 


12 


5 18 


7 1 




1...' 


2 


12 8 


6 18 


7 1 




3 


11 3 


5 12 


7 14 




^ 


4 


11 1 


5 2 


8 14 





*' In the experiments on the clenches, the clenches 
always gave way ; but with the forelocks it as frequently 
occurred that the forelock was cut off* as that the bolt broke ; 
and in the cases of the bolt breaking, it was invariably 
across the forelock hole. According to the tables, the 
security of a forelock is about half that of a clench. 

" It appears an anomaly that the strength of a clench on 
copper should be equal to that of one on iron. But, in 
consequence of the greater ductility of copper, a better 
clench is formed on it than on iron. Generally the thick- 
ness of the fractured clench in the copper was double that 
in the iron. With rings of the usual width for the clenches, 
the wood will break away under the ring, and the ring be 
imbedded for two or more inches before the clench will 
give way. 

" With the inch copper-bolts, all the rings under the 
clenches turned up into the shape of the frustum of a cone, 
and' allowed the clench to slip through at the weights 
specified. 

" Experiments with ring-bolts were made to ascertain 
the strength of the rings in comparison with the clenches. 
The rings were of the usual size, viz., the iron of the ring 
one-eighth inch less in diameter than that of the bolt It 
was found that the rings always carried away the clenches, 
but that they were drawn into the form of a link with per- 
fectly straight sides. The rings bore, before any change 
of form took place, not quite one-half the weight which 
tore off the clenches. It appears that the rings are well 
proportioned to the strength of the clenches." 

From these tables it will be seen how much the strength 
of a clenched or fore-locked bolt falls short of the strength 
due to the full diameter of the bolt where a tensile strain 
only is applied to it ; and when exposed to a cross strain, it 
is also well known how much the strength is diminished 
when the ends are not fastened and held securely in posi- 
tion. An increased use of screw-bolts with nuts and larger 
plates or rings under the heads and under the nuts would 



therefore give great additional strength ; and if a sufficient Praetloal 
length of the bolt were screwed at the end to allow of as BoUding. 
much as an inch being cut off when too long, the supply ^"^N"^^ 
of sizes necessary to be kept in store would not be large. 
Ekronomy also would be likely to result from the ereater 
accuracy in the length required to be given for Uie bolt 
about to be drawn from the store for use. 

Screw- treenails of the annexed form have lately been 
introduced by Messrs Hall, the well known builders of the 
Aberdeen clipper-ships, and whose modes of construction 
will be more particularly referred to hereafter. The in- 
creased holding power of such treenails to prevent planks 
from starting needs no demonstration. 




Fif.85. 



The decks of a ship, as has before been stated, must notDecki. 
be considered merely as platforms, but must be regu^ed as 
performing an important part towards the general strength 
of the whole fabric They are generally laid in a longi- 
tudinal direction only, and are then useful as a tie to resist 
extension, or as a strut to resist compression. The outer 
strakes of decks at the sides of the ship are eenerally hard 
wood, and of greater thickness than the deck itself; they 
are called the water-way planks, and are sometimes dowelled 
to the upper surface of each beam. Their rigidity and 
strength is of great importance, and great attention should 
be paid to them, and care taken that their scarphs are well 
secured by through bolts, and that there is a proper shift 
between their scarphs and the scarphs of the shelf. 

When the decks are considered as a tie, the importance 
of keeping as many strakes as possible entire for the whole 
length of the ship must be eviaent ; and it has already been 
stated that a continuous strake of wrought-iron plates beneath 
the decks is of great value in this respect. The straighter 
the deck, or the less the sheer or upward curvature at tJie 
ends that may be given to it, the less liable will it be to any 
alteration of length, and the stronger will it be. The ends 
of the different planks forming one strake are made to butt 
on one beam, and as the fastenings are then driven close to 
the ends, they do not possess much strength to resist being 
torn out. The shifls of the butts, therefore, of the differen 
strakes require great attention, because the transference dk 
the longitudinal strength of the deck from one plank to an- 
other is thus made by means of the fastenings to the beams, 
the strakes not being united to each other sideways. 

These fastenings have also to withstand the strain dur- Strain in 
ing the process of caulking, which has a tendency to force caulking t 
the planks sideways from the seam ; and as the edges of planks ^ re*»«^d 
of hard wood will be less crushed or compressed than those 
of sofl wood when acted on by the caulking-iron, the strain 
to open the seam between them to receive the caulking 
will be greater than with planks of sofler wood, and will 
require more secure fastenings to resist it. It may also be 
remarked that the quantity of fastenings should increase with 
the thickness of the plank which is to be secured, for the 
set of the oakum in caulking will have the greater mechani- 
cal effect the thicker the eds^e. 

A deck, laid in a diagonal direction only, involves a great Diagonally 
loss of strength longitudinally, and the advantages are not ^**<* decki. 
such as to compensate for this loss, and for the other in- 
conveniences as to wear and tear, which resuh from such a 
system. Mackonochie proposed to lay decks in three 
layers, one diagonally from starboard to port, another from 
port to starboard, and an upper layer fore and afl. He 
also proposed a somewhat similar system for the outside 
planking, and vessels have been built on different modifica- 
tions of this plan both in this country and in America. 
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Partners. 



Steps. 

Coamings 
and head 
ledges. 



Caulking. 



Practical At the two ends of a ship it is important that the strength 
Building, of 1)^^ x\e of the deck should be maintained there, and 
^^*v^^ while the continuation and connection of the shelf-pieces 
Import- and waterwaj'-planks are duly attended to, with any neces- 
ance of se- ^^y hooks and crutches, additional strength to sustain the 
deSw^af** projecting bows and raking stems may be obtained by a 
the extre- judicious connection of several beams to the extreme 
mitiet. ends. This may be done by long bolts passed through 
the beams and secured by nuts and screws at their ends, 
or by pieces of timber fore and aft, underneath the beams, 
and bolted to them. These beams should have several 
ranges of carlings let down between them to diffuse the 
straui. 
Dowelling In all such connections of wood with wood, dowelling is 
•°^"**"°^much to be preferred to scoring down. The latter is ob- 
"""* jectionable on account of its wounding and weakening the 

parts in a greater degree, and the joint is subject to become 
loose or open by the shrinkage of the materials, and it also 
requires much more care and skill on the part of the work- 
man for its perfect execution. It should therefore be dis- 
continued wherever practicable. 

The frame-work of timbers which is formed round the 
mast-holes in each deck is called the mast partners. '* Part- 
ners" generally are the principal timbers in a framing 
formed for the support of anything passing through a deck, 
as the masts and capstands. 

The pieces of timber to receive the heels of the several 
masts are called steps, as the main, fore, or mizen steps. 

Coamings are pieces generally faying on carlings, and 
rising higher than the flat of the deck, to form the fore and 
aft sides or boundaries of openings, such as hatch or ladder- 
ways ; head ledges forming the athwartship boundaries to 
the same openings. 

When the planks are fastened, the seams or the inter- 
vals between the edges of the strakes are filled with oakum, 
and this is beaten in or caulked with such care and force 
that the oakum, while undisburbed, is almost as hard as the 
plank itself. If the openings of the seam were of equal 
widths throughout their depth between the planks, it would 
be impossible to make the caulking sufficiently compact to 
resist the water. At the bottom edges of the seams the 
planks should be in contact throughout their length, and 
from this contact they should gradually open upwards, so 
that, at the outer edge of a plank 10 inches thick, the space 
should be about ^%th of an inch, that is, about -xV^h of an 
inch open for every inch of thickness. It will hence be 
seen that if the edges of the planks are so prepared that 
when laid they fit closely for their whole thickness, the force 
required to compress the outer edge by driving the caulk- 
ing-iron into the seams, to open them sufficiently, must be 
very great, and the fastenings of the planks must be such as 
to be able to resist it. Bad caulking is very injurious in 
every way, as leading to leakage and to the rotting of the 
planks themselves at their edges. It frequently happens, 
however, that the caulking is blamed when the leakage and 
the attendant evils have been caused by the edges of the 
planks sliding upon each other through the working of the 
deck or of the ship. 
Marine Instead of pitch for closing tlie seams above the oakum, 

glue. Mr Jeffery introduced a mixture of shellac and caoutchouc, 

combined with naphtha. This is at first more expensive, 
but its decided superiority and greater durability, prevent- 
ing the necessity of so frequently re-caulking, will counter- 
balance this in due time, so as to be to the advantage of 
the ship-owner, though this will not make it economiod to 
the ship-builder who builds and completes a vessel by con- 
tract. It is insoluble in water, and impervious to it ; it is 
also elastic, and yet of sufficient solidity to fill up the joint 
and give strength ; and it is also powerfully adhesive, so as 
to connect the planks together at their edges. 

The mode of applying diagonal trussing to strengthen the 



side of a ship constructed in accordance with the foregomg Practical 
outline, will next be considered. Building. 

In the system of building which was superseded by that ^^^— "v-*^ 
termed the diagonal system, the whole of the interior sur- Diagonal 
face of the frame was planked, and a second series of internal trussing, 
ftames was worked upon this planking, agreeing in direc- 
tion with the timbers of the ship. Riders were also intro- 
duced in various parts, but not diagonally, and those in the 
hold were no doubt necessary when it was the custom to 
" ground ** ships on a beach for repair ; a large quantity of 
timber was thus massed together, having the appearance 
of great strength ; but, in fact, from its weight, injudicious 
combination, disposition and fastening, much of it was, if not 
injurious, at least useless. The idea of diagonal trussing 
was not an entire novelty at the time when Sir Robert 
Seppings introduced it as a system. There is evidence, in the 
representation of a vessel under repair in the fifleenth cen- 
tury, of some pieces of timber having been used diagonally 
in her construction, as also in some other isolated instances. 
The credit, however, of calling the attention of ship-builders 
to the principles on which the advantages of diagonal trussing 
depend, is entirely due to Sir Robert Seppings, and no 
ship is now ever built without the principle being brought 
into action in a greater or less degree. 

He described his system in a paper communicated by 
him to the Royal Society, and which is printed in their 
Transections for the year 1814. In that paper, after sup- 
posing the ftames for a two-decked 74 gun-ship to be in 
place, and the spaces between the frames filled-in solid, he 
proceeds as follows : — 

" In this state the diagonal timbers are introduced, intep- 
secting the timbers of the frame at about the angle of 45^. 
and so disposed as that the direction in the fore is contrary 
to that in the after part of the ship, and their distance 
asunder from 6 to 7 feet or more ; their upper ends abutting 
against the horizontal hoop or shelf-piece of the gun-deck 
beams, and the lower ends against the limber strakes, ex- 
cept in the midships, where they come against two pieces 
of timber placed on each side of the keelson (called addi- 
tional keelsons), for the purpose of taking off the partial 
pressure of the main-mast, which always causes a sagging 
down of the keel, and sometimes to an alarming degree. 
These pieces of timber are nearly as square as the keelson, 
and fixed at such a distance from it that the main step may 
rest upon them. They may be of oak or pitch-pine, and 
as long as can be conveniently procured. Pieces of timber 
are next placed in a fore and aft direction over the joints 
of the frame- timbers, at the floor and first futtock-heads ; 
their ends in close contact with, and coaked or dowelled 
to, the sides of the diagonal timbers. In this state the 
frame-work in the hold presents various compartments, 
each representing the figure of a rhomboid. 

" A truss-timber is then introduced into each rhomboid, 
with an inclination opposite to that of the diagonal timbers, 
thereby dividing it into two parts. The truss-pieces so 
introduced into the rhomboid are to the diagonal frame 
what the key-stone is to the arch ; for no weight or pres- 
sure on the fabric can alter its position in a longitudinal 
direction, till compression takes place at the abutments, 
and extension of the various ties. 

** This arch-like property of the diagonal frame not only 
opposes an alteration of position in a longitudinal direction, 
but also resists external pressure on the bottom, either 
from grounding or any other cause, because no impression 
can be made in its figure in these directions without 
forcing the several parts of which it is composed into a 
shorter space." * 

The trussing here proposed for the hold of the ship was 
undoubtedly with the intention of introducing the principle 
of the inverted arch or dome ; and it must be remembered, 
that the general form of the vessels to which Sir Robert 
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Pnetieal Seppings WAS accustomed approached that of a hemisphere 
Building, at their midship section, and was very different firom the 
^•^*v^^ comparatively flat or plain surfaces now common. Any 
lower ranges of riders and trusses brought on tlie floors 
and first futtocks could have little effect in preventing 
arching beyond that which arises from the additional re- 
sistance they offer to deflexion by their rigidity. In men- 
of-war with several decks above the lower deck, the object 
aimed at seems to have been to obtain a firm base on which 
to ground a new and upper series of diagonal ties and 
struts. It will be evident from these remarks, that it is 
not considered that the bottom of a ship, if filled-in solid, 
and made as little compressible as possible by this means, 
and by the introduction of additional or sister keelsons, 
requires any great expenditure of material or labour, in 
order to adapt a system of diagonal trussing to it. The 
position for its most beneficial application is undoubtedly 
the sides of the vessel, but whether struts or ties be used, 
there must be a proper starting point for their ends. In 
wooden vessels of ordinary construction, this would, per- 
haps, be found to be in the sister keelson, nearest the 
wing, or in the thick strakes or riders brought on at the 
head and heels of the floors and first futtocks. The im- 
portance of these last in resisting any strain, if the ship 
takes the ground and rests on her bilge, is also evident ; 
and it would therefore be advantageous to increase their 
strength with this view, even if there existed no other 
reason. Having determined a base or starting point for 
the lower ends of the diagonals, the next point to be at- 
tended to is to determine a strong line of work to which 
to attach their upper ends. Where intermediate decks 
occur the diagonals must either be carried past them in 



one continued line, or a new system be commenced and Practical 
carried on from that line. In this case the strain on the BaUdiDg. 
parts may become such that the direction of the ties and ^— >/^^ 
struts may require to be changed. While diagonals are 
useful as a means of firmly connecting the adjacent pieces 
of timber, it must be remembered that this is a small por- 
tion of their value, and that full advanuge will not be 
ensured firom them without due consideration being given 
to keep up an unbroken system of sides and of diagonals, 
with their ends firmly united. It is immaterial whether 
parallelograms or triangles be used, if the last side of the 
one be always made the first side of the next A triangle 
is a valuable form in structures of this kind, because it is a 
figure which admits of no alteration in its form ; its angles 
are invariable as long as the sides remain the same, that is, 
as long as they are neither elongated nor shortened. 

These principles are becoming more and more appre- 
ciated every day, and the strength of ships is consequently 
becoming much increased. 

In the government service the diagonals, which extend Diagonal 
over the surface of the side of the ship, are of iron-bars, ^«^i"fif 1" 
varying according to the size of the ship, and also of wood, m^nt™' 
The annexed wood-cuts represent and show portions of the Yesseli. 
side of a two-decked ship, the diagonal riders of iron passing 
up between the ports (figs. 36 and 37). They com- 
mence under the thick strakes over the first and lower fut- 
tock-heads, and run up unbroken to the shelf of the upper- 
deck. On the turn of the bilge, where it is most rounding, 
and where the ship would rest if she took the ground, 
there is a system of wooden trusses introduced to stiffen 
the vessel at that spot, which has before been stated to be 
so desirable an object. 




Fig.8G. 



In otlier vessels the iron-bars are laid upon, and sunk 
Into, the frames in one direction, while a series of wooden 
diagonal riders are placed upon the surface of the internal 
sheathing, crossing them in the other direction. In tlie 



fabric, as a whole, there appears a want, to the eye of an 
engineer, of a due consideration to the fact, that the strengtn 
of a box-girder, or tubular bridge, to which the mind natu- 
rally reverts as the simplest form of a long body to sustam 

K 



98 



SHIP-BUILDING. 



Practical such weights and strains as those to which a ship is liable, 
Bnildiog. lies mainly in the top and bottom, and not in individual 
""•^V*^^ portions of the sides. A lattice, or trellis girder, is nothing 




DeUili 
of ship 
Scbom- 
bepg, by 
MessnHall 
and Co., of 
Aberdeen. 



Sheathing. 



Beams. 



PJg.ST. 
without the top and bottom bars uniting the lattice or trellis 
works. If a weight is to be supported by ties, there must 
be something to carry their upper ends without yielding ; 
and if it is to be supported by struts, there must be a sound 
and unyielding foundation for them to rest upon, and hrom 
which they may rise. 

Messrs Hall and Co., of Aberdeen, carry out the prin- 
ciple to a great extent in the vessels built by them. 

The following is a general description of the Schom- 
berg (Plate III.), as built by them, in 1854, for James 
Baines and Co., of Liverpool, and many valuable hints may 
be gained from the practice of these eminent builders. 
She was expressly designed for an Australian passenger- 
ship, and every attention was paid to render her ventilation 
complete : — 

Her register measurement was 2400 tons ; her frames 
were of British oak, 4^- feet from centre to centre, close- 
jointed and bolted, and her sheathing consisted of four 
thicknesses of 2^ inch Scotch larch, first two courses worked 
diagonally at an angle of 45** passing under the bottom of 
inside keel, and up the opposite side ; the third course also 
passed under the keel, and was laid on transversely, same 
as the frames; there was a similar course worked inside be- 
tween the frames, each course having a layer of felt, and a 
coat of Archangel tar, between them. The outside lon- 
gitudinal planking averaged 6 inches in thickness, and the 
whole mass was combined by screw treenails of African oak, 
1} inches diameter, put through the whole, there being one 
treenail at every foot in each strake of plank. 

She had three tiers of malleable iron-beams, there being 
one attached to each firame on each side of the three decks, 
as shown in tiie transverse section (PI. III.) These beams 



were laid on pitch pine stringers, which were in two depths, Practical 
and were attached to the sides by iron staple knees, a piece Building, 
of plate-iron passing betwixt the beam end and the frame, ^^-^n/^*^ 
and these plates being connected with the knees by the 
throat-bolts passing through them, and thus forming a 
lodgment for the iron beam ends. There was also a malleable 
iron-plate, 16 x ^ inches, riveted to the top angle-irons on 
the beams ; to this plate the water-ways were secured, besides 
being bolted horizontally. The sizes of the beams were : — 

Upper decic, 7x^ width, 2^x2| inches in single iron. 
Middle deck, 8x| 3 inches angle iron. 

Lower deck, do. do. do. . 

The beams were in one length ; the lower edge with a bulb, 
and upper edge with angle-irons, back to back. They were 
supported by three tiers of iron stanchions, riveted to the 
beams, and bolted to the keelson and sister-keelsons. 

For ventilation, the spaces, 3 feet wide, between the 
frames, were boarded up, and formed excellent ventilators 
from the various decks and hold, leading up to a space im- 
mediately under the main rail, which was fitted all round 
with Venetians. She was also fitted with large funnels, 
and with a fanner for forcing the air down to the keel, be- 
sides scuttles on every six feet on the middle deck. The 
saloon was on the upper deck, and was fitted with a double 
roof for causing a current of air, with orifices all round 
under the cornice outside. 

The vessel having a great rise of floor, it was levelled off 
inside to the 5 feet water-line, by having a fourth deck laid 
from end to end, and under this deck tanks were fitted to 
hold 300 tons of firesh water. Along the upper deck, fh)m 
saloon forward, there was a range of houses for live stock, 
cook-house, and accommodation for the crew. This vessel 
sailed from Liverpool for Australia in 1854, drawing 21' 6' 
forward and 24' 6* aft, and on the eighty-fourth day was 
lost on Cape Otway, on a fine moonlight night. No 
favourable opportunity occurred during the passage to test 
her speed for any continued length of time; but she attained, 
on one occasion, a speed of sixteen knots for a few hours. 
This ship, complete, cost L.45,000. 

The annexed figures are further illustrations of the de- 
tails of construction adopted by the same builders. 
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A section of a clipper ship, of 700 tons burthen. The 
Vision, of Liverpool, built in 1854, is given in %^. 39. 
The larboard side represents the bolting in the frames. 
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Praotiotl which are 4f feet asunder from centre to centre. The in connecting the various layers of plank, which consist of Pnictieal 
Building, starboard side shows the application of the screw-treenails two thickaesses of 2-iuch lardi worked diagonally, as shown BuUding. 




Fljf. ». 



in figs. 38 a and 88 6« one thickness of larch worked verti- worked longitudinally, the sheer-strakes of East India teak, 
cally, and one outside, of an average thickness of 4^ inches, top sides Dantzic red pine, Wales, and to light water-line of 




«».««. 



Dantzic imported plank, from thence to the keel-strakes between the planks, which are all coated with vegetable 
of Dantzic red pine, witii two complete layers of hair felt tar. 
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Practleml Fig. 38 a represents an outside longitudinal section of the 
BttUding. side planking &stened with screw-treenails ; and fig. 38 b 
^*"»v-»*^ represents a vertical section of the same, with the felt be- 
tween and the metal bolting in the frames. 

Fig. 40 represents the mode of laying the diagonal plank- 
ing of the deck under the longitudinal upper-deck planks. 
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IRON SHIPS. 

A cursory view will now be taken of a few of the leading 
features in the construction of iron ships, and of the mode 
of forming and uniting some of the principal parts ; and the 
specifications, in full, to which two first-class steamships 
have been built, will then be given. 

The keel is sometimes formed of a single bar, with the 
floors crossing above it, and united to the floors by being 
riveted to the garboard strake. It is more frequently formed 
of a plate, sufficiently deep to form both the keel and the 
centre plate of the keelson, or of a box form. Specimens 
of these forms of keel will be found in the engravings. A 
box-keel may also be made thus (fig. 41): — 



in the section of that vessel at HH. There does not ap- Practical 
pear to be any particular advantage gained by the floor Boildiog. 
being made continuous across the bottom of the vessel ; ^^— •v'^-^ 
and as additional height is occupied by placing the keelson 
above them, there does not appear to be sufficient grounds 
for adopting this system in preference to the other. 

With any side or sister keelsons this is different, as it Side or 
would be inconvenient to break the floors or frames again, ■i^ter lieel 
In cases where such sister-keelsons are to be used as"*^***- 
engine or boiler bearers, it would much improve their 
strength, and they would be better fitted to receive any 
such weights to be bedded upon them, if the plates were 
double, and they were brought up above the top of the 
floors, and formed into a box-keelson, thus (fig. 42). The 
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The points, in addition to general strength, which reouire 
attention, are, that if the keel be iniured by the vessel taking 
the ground, it shall cause as little damage as possible to the 
vessel itself. A keel should also be capable of being varied 
in strength, so that it may be made stronger at the heel of 
the stern-post, where the bottom of the rudder is attached 
to it. It will be observed that this latter point is parti- 
cularly attended to in the vessel for the Peninsular and 
Oriental Company. 

In the keel, according to the above sketch, it will be 
observed that the plating is carried right across it, so that 
it might be very much injured, and probably even torn 
away in parts, without causing any leak into the ship, its 
edge being made purposely weaker than the bottom plate 
to which it is attached. Cross-plates with flanges, or with 
angle-iron, may be riveted across it, at any distance that 
may be desired, so as to stifien it ; and the plates can be 
made thicker, or additional strengthening plates may be 
added inside or outside the side-plates, at the stern-post, or 
at the forefoot. 

The keelson is generally formed in one or other of the 
manners shown on the sections; and the floors may be 
carried across the bottom of the vessel, and the keelson be 
placed upon the top of the floors, following the same ar- 
rangement as in wooden vessels. In the latter case the 
side-plates of the keelson should be the whole depth of the 
floors, in addition to the height of the keelson above them, 
a space for each frame being cut out of the lower part of the 
plate to allow it to pass down between the frames, and be 
attached to the bottom by short pieces of angle-iron, as 
specified for the side keelsons of the Australasian, and shown 




Fif.43. 

angle-irons of the keelson lying on the floors, and attached 
to them as they pass, stifien them, and will tend to prevent 
their buckling or bending sideways when a great strain 
fi*om the outside is brought upon them. 

Where the floors abut on each side of the centre keelson, 
there is no reason why they should be the same height as 
the top of the keelson ; and if the top or covering plate of 
the keelson be put on with external angle-iron (as shown 
in the above sketch) for a sister- keelson, great facilities are 
given for taking off the plate at any time for repair, or to 
renew any of the rivets. Indeed, there is no reason why 
different lengths of the covering plate should not be put on 
with screw-bolts, care being taken that the bolts fill the 
holes correctly. 

The floors are generally composed of an angle-iron, to Floore 
which the external plating is attached, and a plate of any 
depth that may be desired, with single or double angle- 
iron on the inner edge of tliis plate. For the frames two 
angle-irons riveted back to back are generally sufficient. 
A T-shaped iron is also sometimes used, and if made with 
the centre web very deep, so as to be similar to the bulb- 
iron used for deck-beams, it would be suitable for vessels 
of great strength, and, in some cases, for the floors with a 
single or double angle-iron on its inner edge. 

Some of the forms of beams have already been described. Beams. 
Beams formed of bulb-iron, with two angle-irons, are de- 
cidedly the most convenient, as there is no difficulty in 
welding them up in a common smith's fire to any length 
that may be required ; and the top edge may be cut so as to 
vary the depth, and this even in the same beam if desired. 
By doing this the lower edge of the beam might be made 
straight, so as not to follow the round-up of the deck and of 
the upper edge ; and thus any slight elongation of the beam, 
when brought down or straightened by any weight or strain, 
and the pressure to force out the sides of a ship consequent 
upon this, as dreaded by some, would be obviated. 

The forms of bulb-iron, as generally rolled, do not give 
nearly so large a proportion of iron in the bulb as would be 
desirable. It is not consistent with the proper proportion of 
the flanches of beams, in reference to their depths, as laid 
down by Mr Fairbaim and other authorities on the subject. 
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Practical For beams 8, 12, 18, and 24 inches deep, proportions 
Building, may be adopted according to the annexed four figures. The 
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breaking weights of these beams, at the distances of 10 feet, 
15 feet, 20 feet, and 30 feet between the supports, are re- 
spectively 10, 16^, 21, and 22 tons. The thickness of the 
webs may be considered by many to be too thin, but a beam 
of the annexed figure (fig. 47) is given by Mr Fairbaim as 
one much used by him, with a distance of 30 feet between 
the supports, and it may therefore be taken as a standard 
pattern. Where a saving of depth is a great object, the pro- 
portions may be varied. The relative strengths and weights 
of such beams, in comparison with ordinary wood beams, 
may be easily obtained by the rules which have been given. 
Of the desirability of introducing iron beams into wooden 
vessels there can be no doubt Their durability alone 
ought to be a su£Scient inducement. 

Beams are now being welded up to any lengths by a 
process patented by Mr Bertram, late of Woolwich dock- 
yard. The edges to be welded are brought together, and 
two jets of gas are made to play ui)on both sides at the 
same time till the iron is brought to a welding heat, when 
it is united in a most perfect and satisfactory manner. 
Sheathing An increase of thickness in the plates of iron-vessels 
or plating, adds to the safety and general strength of the vessel in a 
much more important degree than putting the same addi- 
tional weight into the frames would do. A large surface of 
unequal strength in different parts is objectionable ; it will 
be sure to yield at the line where the weak and the strong 
parts meet, and probably a rupture may take place along 
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Fig. 47. 



that line ; but if the surface be all of nearly equal strength. Practical 
and a pressure be then applied, as vtf Building. 

may be the case on the exterior . 
of a vessel, it may yield, and the in- " 
dentation may be extensive with- 
out any rupture. 

The subject of riveting has al- 
ready been fully treated, when 
giving the details of Mr Fairbairn's 
experiments on the strength of 
riveted joints. Mr Bertram's pro- 
cess, as adapted for the welding 
of beams, and by which one or 
more experimental boilers have 
already been constructed, is also 
proposed for the purpose of unit- 
ing the plates of iron ships, and 
there do not appear to be any 
reasons to prevent it from becom- 
ing available afler more experi- 
ence in its use has been obtained. 
The same remarks, with regard 
to decks, apply to iron ships as to 
wooden ships ; but iron has been 
more used as diagonal and longi- 
tudinal stringers under the deck- 
planks in the former than in the latter class of vessels. 

In the accompanying sections of a vessel constructed 
to the design of Mr Bowman of London (fig. 48), the iron 
plating below the deck-planks is shown, and it is laid com- 
plete over the whole surface beneath the deck-planks. The 
water-ways, or pieces for forming the run of the water at 
the sides to the scuppers, it will also be observed, are of 
iron, which is an important improvement, and a step in the 
right direction of greater dock-strength, and which is also 
practised by Messrs Laird and sons of Birkenhead, who 
make the waterway an open trough prepared to receive the 
water from the deck, and form a run for it. 

At the risk of its being considered a repetition, reference Vetieli 
is aa:ain made here to the importance of this point Asidu*^1>* 
has been before observed, the severest strain to which a '^^^ ^ "' • 
vessel is likely to be exposed is when it is supported in the |[^J ^^J*" 
middle of its length, while the two ends are left unsup- pression'in 
ported. As a familiar illustration of the mode of dealing the deck 
with this subject, a vessel in this^ position may be looked itnd in the 
upon as a beam supported at the middle, and weighted at l>o^to™* 
the two-ends, or, which is the same thing, as a beam 
pushed up in the middle and prevented firom rising by 
the weights, or by being fixed at the two ends. And if 
this beam be now supposed to be turned upside down, or 
reversed, and then to be subjected to the same strains 
upon it as before, it becomes equivalent to a beam sup- 
ported at the two ends and weighted at the middle, and all 
the calculations for beams or tubular bridges so weighted 
immediately become applicable. It will thus be seen that 
the bottom of the ship has to bear a strain of compression 
as due to the top, or top iianche of the tubular bridge, and 
the deck has to bear a strain of extension as due to the 
bottom or bottom flanche. The keel and keelsons, and the 
internal and external plates of the bottom, supported, or 
rather stiffened and kept in the direct line of the strain, by 
being attached at such short intervals to the floors, duly meet 
the case of the top flanche, and give the requisite strength ; 
and the deck of the ship, and the strengthening pieces con- 
nected with it, must be made eaual to meet the strain of 
extension, to which the bottom nanche of the beam is sub- 
jected. Let a vessel be supposed to be of the length of 
300 feet, with a depth of 30 feet, and the weight of fittings, 
machinery, and everything which she has to carry, to be 
1500 tons, which may be assumed to be nearly correct for 
a passenger screw steam-ship of thb length,— and let it be 
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further supposed that the weights are equally distributed 
over her length, then the strain would require to be the 
same as for a tubular bridge, or girder, to carry a weight 
of 750 tons at the middle. Now, if the ordinary rules be 
applied, it will be found that the sectional area of the bottom 
Banche of a box-girder of these dimensions, and whose 
breaking weight is 750 tons, would be 94 square inches ; 
and doubling this for the excess of strength necessary in 
practice, will give an area of 188, or say 200 square inches 
of iron. The strength of the deck, therefore, at the middle, 
should be equal to the strength of iron-bars or plates of this 
sectional area, and towards the ends it may be diminished 
to about two-thirds of this strength, on the same principle 
and in the same manner as the flanches of a beam may be 
diminished. 

An explanation of the theory of the strength of girders 
is not within the province of this article. It will be found 
very fully treated in the works of Tredgold, Hodgkinson, 
Barlow, Fairbaim, Latham and others, as also in some 
papers in the Transactions of the Institution of Civil Engi- 
neers, and in a paper in the Transactions of the Royal So* 
ciety, by Mr Barlow, " On the position of the Neutral Axis." 

While the advantages of iron water-tight bulkheads are 
unquestionable, nothing can be worse than that the sheath- 
ing should be weakened in one direct transverse line by a 
series of rivets, placed so close together as to lessen the 
strength of the plates in an undue degree at that line. The 
Board of Trade insist upon the bulkheads being attached to 
two frames (figs. 49 and 50), but it is not apparent how the 
difficulty is got over by this means alone, because on one or 
other of these frames the rivets must be sufficiently close 
to make the joint water-tight This would be advantageous 
if the bulkhead were made to run home to the side of the 
ship, and be made water-tight there by an additional angle- 
iron, while the two frames on either side are united togeUier 
by means of a thick plate laid upon the sheathing, sufficiently 
wide to go past and take the two frames on eao) side of the 
bulkhead. This is the mode practised by Mr Bowman of 
London, and appears to secure the requisite strength to pre- 
vent the vessel separating along the line of the water-tight 
attachment of the bulkhead to the ship's side. 

The following is a specification of an iron screw-steam- 
ship for the Peninsular and Oriental Steam Navigation 
Company : — 

PrmeipiU Dimeiutont. 

Length between the perpendiculars 335 feet 

Length of th. k-l for t„nn.g, j "^ ^prj^^^. *" 

Breadth, extreme 39 feet 

Depth amidghips (from top of keel) 31 „ 

Burthen in tong, Noe 2520. || o. v. 

KeeL^To be formed of plates, as shown in figs. 51 and 52, 
the centre through-piece to be 3 feet 6 inches deep from bottom of 
keel to top of floors, and \^ thick right fore and aft The plate on 
each side to be 10 inches deep by 1^ inches thick. The fore and 
aft plate shown on top of floors to be | in. thick, and 2 feet 6 
inches wide, worked so as to fit on top of floors, and connected to 
centre ttirough-piece by two angle-irons 4 X 4 x iV* The after- 
end of keel to have an angle-iron 6 x 4 on each side, and a plate 
{ in. thick on the bottom, to run for 50 feet from the aftermost 
stern-post 

Stem, — To be made of plate in exactly the same manner as the 
keel, the plate on each side the centre through-piece to gradually 
taper to 9^ inches deep at the top, and all the bow-frames to be 
riveted to it. 

Brecut-hoolcM. — As may be required. 

Sum-poau. — 15 inches broad by 7 inches thick, and a heel left on 
the after-side to bear the rudder, with eyes for the pintles, and 
turned so as to form a knee forward on the keeL The screw-port 
to be forged in one piece to suit the drawing, or ns the engineer 
may require. 

iVcwies. — Of angle-iron, 5| x 4 x i(, and 20 inches from centre 
to centre. In engine and boiler spaces, the frames to be doubled in 
the bottom, and a reverse angle-iron on every frame, 4 x 3 x iVi 
firam floor to gunwale, the whole length of the vesseL 



Pkott, — Garboard-strake, H plates, as broad as can be procured, Praetieal 
or worked ; bottom-plates ff , next plates up to the wales f|, from Building, 
the wales to gunwale if, except two plates, 2 feet 6 inches wide, ^ \ 

11 thick, or one plate equal to this to form the wales ; the sheer ^*^V^» 

, Specifica- 
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Fig. 0a. 

Btrake, \^ thick, to be doubled right fore and aft, and butt-straps 
inside, as in single plates, all double riveted from keel to gunwale, 
and all butts to be flush ; the upper or sheer-strake to go 12 inches 
above top of water-way, as per sketch. All spaces formed by the 
prqjectioni of the plates to be fitted with liners, so as to avoid small 



104 

Pnetical 
Building. 



SHIP-BDILDING. 



Bpecificft- 
tionof a 
Peninsular 
and Orien- 
tal terew- 
BteaB-^p, 
cootinaed. 



pieces and rings being used, except in the case of tne sheer and 
apper wale-strakes, which will be doubled, and the inner strake 
will necessarily form the liner. The batts to be perfectly close as 
well as the seams, as no pieces will be allowed to be put in and 
caulked over. The countersinking to be carefully done and all 
rivets to be full and smooth outside plates, and to be chipped down 
while hot. The grreatest care to be taken in the punching, to pre* 
vent unfair holes. 

nocrt. — 30 inches deep in engine and boiler spaces of \% plates, 
with angle-iron, 4| x 3 x iV> o° ^^^^ b^<^®* ^^ ^P ^^ every floor, to 
run from 14 to 16 feet up the turn of bilge. The floors in after- 
hold, 30 inches deep, if thick, with single angle-iron on top, 4^ x 
3 X <^ The floor-plates to run 6 feet up the turn of bilge on 
each side of frames in one piece. 

EMtont, — As may be required, and to suit the engineer's draw- 
ings, to run right fore and aft as far as the form of vessel will 
aUow. 

PiUart4 — Tn holds between keelsons and beams, to be 3^ inches 
in diameter amidships, tapering to 2^ at the ends. One on every 
beam, or as may be directed. Pillars on main-deck, one on every 
other beam, arranged so as to suit the cabin plan. 

Bulkhead; — Water-tight ; one in fore-peak, two before the en- 
gine, one abaft the boilers, and one in after-hold ; to be in accord- 
ance with the Board of Trade regulations in every respect. To 
have iron-bulkheads, or floors, on every frame from stern-post for 
40 feet, and on every iVame from stem for 20 feet, the after ones 
I inch thick, the foremost \ inch. Those abaft the aftermost water- 
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tight bulkhead to run up to the lower-deck water-way plate, and 
an angle-iron on the top of each, with a water-tight deck, riveted 
to the same. The lower-deck water-way plate will run through 



these bulkheads, as well ai the water-way forming part of the 
deck. Proper man-holes, cut through each floor above the shaft, 
and sufficient water-tight man-hole doors, fitted to the holes in the 
iron-deck. The floors before the water-tight bulkhead to run up 
as far above the shaft as may be required. Every other bulkhead, 
the length of screw-shaft, to have a forged iron-rim, 3 inches wide, 
1 inch thick, riveted 
round shaft-space. The 
hole for shaft to be 
drilled from after-end 
through all these by 
the engineers. All wa- 
ter-tight bulkheads to 
be fitted with approv- 
ed brass sluice- valves. 
The space below the 
screw-shaft, abaft the 
aftermost water-tight 
bulkhead, to be filled- 
in solid with bricks and 
cement. Iron-tie bulk- 
heads to be placed, ba 
directed, between main 
and spar-decks, about 
20 feet apart. 

BeavM. — Of plate, 10 
X iVi vith two angle- 
irons on top, 3^ X 2^ 
X /t* Beams not to be 
turned at the ends, but 
to have a vertical and 
horizontal plate, rivet- 
ed to under side of 
beams and side-frames, 
with an angle-iron In 
the angle, and to be 
finished on the lower 
edge, with half-round 
iron, as may be requir- 
ed. An angle-iron on 
each alternate frame, 
for main and lower 
decks, with as many in 
the engine and boiler 
spaces as the position 
of the machinery will 
allow. To have orlop- 
beams and a deck to 
allow of such accommo- 
dation for stores as may 
be required (fig. 53). 
Engine-beams as the 
engineers may direct. 
Eight of the foremost 
beams to be made of an 
elliptical shape, turned 
down 2 feet 6 inches 
to strengthen the bow, 
and likewise for the 
hawse-pipes to pass 
through. The plate to 
be twice the thickness 
of the other beams. 

Stringtrt, — An angle-iron, 6 X 4, all round the gunwale, with 
two covering plates, the outside one 18 X if, the inside one 
24 X if, riveted to gunwale stringer, and upper side of deck-beams, 
and 6 inches apart, to allow for pipes or scuppers to pass through 
the first plank from water-way, which is to be East India teak 
(figs. 64 and 66). The same on main and lower decks. The 
lower-deck plates to run right through engine-room and boiler 
space, and to have in that space an angle-iron top and bottom, 
and to be from the foremost to the aftermost midship water-tight 
bulkhead in engine-room \^, Two midship deck-plates, of the 
same dimensions as the inside gunwale stringer, to run right fore 
and aft, full length of vessel, on each side of engine-room sky- 
light, and riveted to upper side of deck •beams. To have at least 
6 diagonal spar-deck plates, 12 X \, riveted on top of all these 
stringers, to tie the sides of the vessel together, to be placed as may 
be required (fig. 66). The butts of all these fore and aft stringers 
to be placed so that the whole of them come on beams, and to have a 
butt-strap to each butt 12 inches in width, and a row of rivets on 
each side of the edge of the beams. A vertical stringer, 2 feet 2 inches 
wide, H thick, to run round the main-deck at back of spirketting, 
and to be connected to side deck-plate, or horizontal stringer, by 
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an angle-iron, 6 x 4 x if . All these fore and aft stringers and 

deek-pUtes to run fore and aft, and not to be diseonneeted or cat 

through anywhere, and all waUr-tight bulkheads, beams, or any 

athwartship work to be cut round them, and all to terminate at each 

end in plate-breasthooks of } in. thicker plate than the stringers, and 

to run out as far from either 

end as may be required. A 

bilge-stringer, formed of two 

angle-irons, 6 x 4 x H> ^^^ 

a plate at back 18 x iVt f<^ 

tenedto frames to run right 

fore and aft the ship. All 

stringers, vertical and hori- 

sontal, water-way plates, &c, 

to be doubled for 30 feet in 

way of cargo gangways. 

JUvtiing. — The vessel to be 
all double riveted with { 
rivets, except in keel and 
stern-post, which must be }th 
inch thicker than the plates 
thej pass through. 

Otk€r Iron Work, — Iron 
casing round boiler space and 
stoke-hole, between main and 
upper-decks, likewise all coal- 
bunker bulk-heads (except 
what forms part of the en- 
gineer's contract). Coal-shoota 
and deck-plates for them, flat 
in bunker-bottoms, casing of 
bunkers, engine-beams, screw- 
tunnel, iron gratings over 
stoke-hole on upper deck, ash- 
bucket pipe ftt>m stoke-hole to 
spar-deck, with revolving cap 
on top, to be furnished by the 
contractors. A water-tight 
slide, at foremost end of screw- 
tunnel, to be fitted in accord- 
ance with the Board of Trade 
regulations. Preparation to 
be made for a lifting-screw on 
the most approved principles. 
The engineer to furnish all 
slides and lifting apparatus. 

Ibpfroikmt For^iattU, — To 
be in accordance with the draw- 
ing given both in length and 
height, to be plated up fh>m 
sheer-strake to top with | iroo- 
plates, and to be fitted up in- 
side as may be directed. A 
manger, 8 feet deep, to be 
fitted forward, with i hawse- 
pipes, bucklers, platee, and all 
complete, as may be required 
by the company. The deck to 
be 3 inches thick, with iron- 
stancheons, and rails round the 
top-beams, 8 x iVi bulb-iron, FIg.6«. 

with 2 angle-irons on top, 3 x 3 x iV* A water-closet on each side, 
the aftermost end outside, with pumps, and all complete for the 
crew. 

Ifuids anMia.~The vessel to be filled up solid to the limber- 
holes with Portland cement. 

QMa/ity of iron.— Garboard-strake, sheer-strake, and longitudi- 
nal stringers, of Staffordshire B. B., of an approved maker, all the 
other plates of Staffordshire B., except curves, which are to be the 
best Lowmoor, or of iron made from best picked scrap equal to 
this. 

Wood Work tuad Gmer€U OutJU. 

Upper or Spar Deck, — East India teak 3^ inches thick, secured 
to beams by two |-inch galvanised iron bolu and nuts, let in fths 
of an inch below the surface, and dowelled with wood. The mid* 
ship's deck-strakes to be I inch thicker, and to run fore and aft, or 
as may be required. 

Main Deck. — Yellow pine 6x5, caulked and secured with iron 
bolts and nuu as upper deck. 

Lower Deck, — Yellow pine 9 x 3), caulked and secured with iron 
bolts and nuU as above. 

Sumekeont, — Teak or British oak 6x5. Stem timbers of the 
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7x6, and to run well down, to give strength to the stem. Practical 
All the other stancheons to run down on top of spar-deck, water- Building, 
way plate tlirongh covering-board, and the space between under- v _^ ^-m.^ 
side of covering-board, and. top of water-way to be filled in solid ~ ^ ~ 
and caulked, and a piece of teak-spirketting inside of stancheon, 8p«^fica- 
bolted through and through, from outside of Iron sheer-strake, ^<>° ^ * 
except in those stancheons which come in way of boats' davits. Peninsular 
which will have an angle iron knee to turn under water-way, in- •od Orien- 
side of bulwarks, well riveted to water-way piste. Oak or teak ^ screw- 
spirketting 18 x 9, to run right round the main-deck Inside, on top steun-ship, 
of water-ways. oontinued. 

Auming Stancheom, — Of iron, all round the vessel. 

Water'waye, — Upper or spar deck, and main deck, to be East 
India teak 18 X 9, and, if required, to be fitted over the angle-iron 
stancheons. 

Ceiling of Hold. — Flat of floor laid with 3-inch American elm, 
and from that to be ceiled with yellow pine, room and space to 
the main deck beams. The remainder to be 2-inch close ftitline, 
caulked, payed, and beaded over seams, as will be pointed out. 

Bulwarks.— Yellow pine 3x2^ thick, and to have a panel 
grooved in the centre. 

Main-Rails, — Teak, 12 x 4^ ; to have copper or yellow metal 
along the edge outside, fore and aft. 

Gangways, — ^To be where shown on plan — ^vix. four cargo-gang- 
way ports with all doors, brass scuttles, hanging platform to turn 
outside or inside as may be required, between main and upper 
decks, lined in sill and edges, with twenty ounces copper or yel- 
low metal. Two passenger gangways on upper deck, fitted with 
the most approved accommodation-ladders complete, with all neces- 
sary fittings. Four coaling gangways on upper deck, fitted with 
doors complete ; also hanging brackets riveted on ship's side, to 
carry stage when required. The ends of rough-tree-rail and gang- 
ways to be capped with a casting of brass. 

Catheads, — British or African oak, 18 X 16, mounted with all 
stoppers, cleats, &C., as may be required. 

BitU,—Ot British or African oak, 22 x 22, stepped on keelson. 
Towing bitts, topsail-sheet bitts, belaying pin-racks, cleats, eye- 
bolts, timber-heads, &c., to be fitted as and where required. 

Bridge, — To be 5 feet 6 inches wide, to be supported with suf- 
ficient iron stancheons, and fitted with ladders, lamp-boxes, hand- 
ruls, and all complete, as may be required. 

Masu, — Lower mast and bowsprit of iron or steel as may be ap- 
prt'ved, and a provision to be made for cutting them away if 
req>ured, the other masts and spars to be of blade spruce or red 
pine, to be rigged according to plan. 

Bulging, — Standing rigging of wire-rope, the rest of best hemp, 
with ill requisite blocks. All blocks to be brass-bushed, or patent 
leather bushes, as may be preferred ; all dead eyes, both upper and 
lower, to be made of lignum vitso ; if required the vessel to be 
fitted vith Cunningham's patent self-reefinff topsails. 

Stonn-Houee, — To be built at after-end of upper deck, with two 
two-bekTth cabins on each side of wheel, with a water-closet in each, 
and fitted up inside in every respect as first-class cabins. The top 
of this house, as well as those of all other cabins and offices on the 
upper deck, to be double ; the upper one teak, the lower one pine, 
covered with canvass. 

Oamp^mione and SkyUgku, — To be built according to plan. The 
tops of all of them on the upper deck to be made of East India 
teak. 

Boate- -To be in accordance with the Board of Trade regula- 
tions, ai d to be fitted complete, with masts, sails, oars, boat-hooks, 
breakers, gratings, davits for ship's sides, and all necessary fittings 
as may le required ; brass rowlocks to mail-boat; life-boats to be 
according to Lamb and White's plan. 

Jb«v^CVN)f«.— Twelve ; 12 feet by 2 feet 4 inches high. 

Sheep i'«r«.— To hold forty sheep. 

Scupper's, —Eight on each side on each deck, to be placed where 
shown. 

Fish-IXvdts.— For fishing anchors to be fitted, as will be shown. 

Anchors and Chain Cables, — In proportion to tonnage of vessel, 
the anchors to be patent, or as required by the Board of Trade re- 
gulations. 

Winches. — Two ; if steam, the difference in price to be paid by 
the company. 

Sails, — One suit of sails complete. 

Tarpaulins, — One for each hatch and scuttle. 

Awnings. — A complete set, fore and aft. 

Pumps. — One copper chambered pump 8 inches In diameter, with 
brass bucket and lead pipe, fitted in every compartment, and a 
7 inch and a 6-inch Down ton, fitted as may be directed. 

}Vheels. — Two of mahogany, brass-mounted, hide-rope, fitted with 
patent steering gear complete. 

Fend0rs4 — With chains, Ac, complete. 

iVrtt.— Of East India teak, 21 inches square, with a 5.inch brass 

O 
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scnttle fitted in the centre of each, hong with strong IroiH hingei, 
braat-boflhed, and copper pins, except where shown roond in plan, 
as in water-closets or other deck-offices, where scnttles most be 
fitted, 7 inches in diameter, of the best manufacture. 

ITaMr-CZMtfff.— Tylor's of Newgate Street to be fitted where 
shown on plan, with cisterns, pipes, Talves, and all necessary 
fittings. 

B<uhi. — Hot, cold, and shower, to be fitted where shown on plan. 

Tankt. — For 12,000 gallons of water, with all requisite cocks, 
pumps, pipes, and all necessary fittings. 

BinnaeUg, — Two, with adjusted compasses and lamps complete. 

Br€U9 Bell. — 18 inches in diameter, with vessel's name engraved 
thereon. 

Oook'BouBei. — Two of iron, with all necessary fittings complete. 

Cooking and Baking Apparatui — With all necessary utensils 
complete, as may be required to be famished by the company. 

CoUmn. — A complete set as may be required. 

Life-Buoyt. — Six of such description as may be required. 

Lantenu. — Signal-lanterns and fittings to be fitted where re- 
quired — vis., 2 bridge, 1 mast-head. 

Buekgtt. — Twelve wash-deck and twelve leather buckets, with 
the company's crest and ship's name painted thereon. 

Hate, — Leather fire-hose and canvass-hose for washing decks, 
with the necessary couplings complete. 

Capttaiw.— Two; the foremost, or main capstan, to be one of 
Brown's patent double-headed capstans, to work on top of topgal- 
lant forecastle, with all the bitts, stoppers, &c., fitted complete on 
spar^eck. The after one to 1>e Brown's patent double-power cap- 
stan for warping the ship, and to be fitted complete. 

Moa^Safi and VegetdbU Locker. — One of each to be made and 
fitted, as will be shown. 

BuuK«r*t Shop.^To be where shown on plan, slate-tanks, and all 
complete. 

OoMiw. — To be fitted according to plans furnished by the 
company, arranged generally as the " Pera" and '* Candia.'' The 
contractors to find everything complete, except saloon and fore- 
cabin tables, seats, chairs, sideboards, sofas, bed and sofk mattresses, 
curtains, camp-stools, glass, earthenware, plated goods and cutlery ; 
cabin-Uunps and looking-glasses; pantry, steward's and store- 
keeper's utensils ; but the contractor will find all the furniture and 
fittings for all the cabins and offices in the ship. Including first and 
second class passengers, officer's, engineer's, steward's, and any 
other cabin in the ship, such as chests of drawers, washstands with 
marble tops, tables, toilet-shelves, or any other fittings that may 
be required ; likewise all the difTerent offices on deck, as shown in 
plan, to be fitted complete, such as surgeiy, lamp-room, baker's 
shops, scullery, or any other office not named here, but sliown on 
plan. All the cabins in the ship to be fitted with Robinson's 
patent ventilating bulkheads, as per elevation. 

Painting, — All the wood-work to have four coats. The main- 
deck cabins, from the main hatch forward, to be grained oak in 
the very best style. The main saloon to have at least six coats 
of paint and two of best varnish, and the whole of the gilding to 
be of the very best quality. 

Mail'Rooni — To 1>e where shown on plan. Space for sixty tons 
of mail, and to be lined with sine all over. The bottom to have 
ledges of wood, 3 x 2), 12 inches apart, secured to deck. 

Sail-Room, — ^To 1>e where shown on plan, and to be covered over 
with sine. 

Airfsr'« Store-Roonu, — To be where shown on plan, and to be 
fitted up inside as may l>e directed. 

Boatmtain and OarpenUr*s Storo, — To be where shown on plan, 
and to be fitted up as shall be directed. 

Finally, — ^The whole of the material and workmanship to be of 
the very best quality, and the vessel (with the foregoing excep- 
tions) to be entirely fitted and ready for sea at the cost of the 
contractors, notwithstanding any omission in this specification, 
and subject to the approval of the managing directors, or of 
such surveyor or surveyors as they may appoint to inspect the 
work. 



Tile tollowing is a copy of the apecification of an iron 
screw steamship, built for the European and Australian 
Royal Mail Company, the Australasian, built in 1857, 
by Messrs J. and G. Thompson of Glasgow, under the in- 
spection of Mr Bowman, of London, who has kindly per- 
mitted its publication here. The strength of this vessel, 
and the soundness of the principles on which she is con- 
structed, were well proved by her grounding m the Clyde, 
on her first passing down the river after being launched, 
when she came off, as before stated, quite uninjured. 



Specification of an Iron Screw-sieamship to be built far Practical 
the European and Australian Royal Mail Company, fiullding. 
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Length of keel 310 

Breadth of beam 42 

Depth of hold to spar-deck 29 

To have three decks, with full poop and full topgai- \ 

lant-forecastle J 

Heightofpoop 8 

„ topgallant-forecastle 6 3 

„ from main to spar-deck 8 6 

Keel and KeeUon. — ^The keel to be formed of three thicknesses cf 
plate; the centre plate to be 1 inch thick, and 45 inches deep; 
forming, at same time, the main keelson and centre of keel ; these 
plates to be in as long lengths as possible, to be put together, butt- 
jointed, with straps of same thickness, and double-riveted above 
tliat part which forms a portion of the keel ; the plates to run the 
entire length of the vessel, and for 10 feet up the stem. The keel 
side-plates to be 12 inches x 1|> inch ; to be in as long lengths as 
can possibly be obtained ; to be all scarphed on to each other 
scarpbs 6 inches long ; these three thicknesses of plate, to be par- 
tially riveted together before the garboard-strake is fitted on; the 
garlHiard-strakes to be double- riveted to the keel with l^th inch 
riveU ; all the holes to be runneled out perfectly true before rivet- 
ing ; the butt of the keel-plates and garboard-strakes to 1>e care- 
fully shifted and caulked, and made water-tight. (Section AB, fLg, 
69.) 

Stem-poit, — To be of best hammered scrap-iron in one piece, the 
after-post to be 12 X inches, the inner-post to be 12 x 7 inches ; 
the lower portion, uniting the two posts, to be 12x8 inches; 
and to have about 8 feet of keel attached to it, and with correspond- 
ing searph for riveting to keel. The keel portion to l>e planed out 
into a grroove, 1 inch wide and 6 inches deep, into which the keel- 
son plate is to be worked, and double-riveted through and through. 
The end of the keelson-plate to be secured to the inner post by two 
vertifal bars of angle-iron secured to it by rivets, and to the post 
by topped bolU (fig. 57). The inner post, at the line of the lower 
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Flf.57. Fig.OQL 

deck-stringer, to have a palm welded to it, which is to be firmly 
riveted to the stringer, so as to give security to the post (fig. 08). 
To be formed in the same way as the keel, from iron of the same 
dimensions, and riveted together in the same way ; the keel, keelson, 
floors, stem, and stern-post to be according to sketch to 1>e fur- 
nished. 

Frawtes, — To be spaced throughout the vessel 18 ioches apart fhnn 
centre to centre, of angle- iron, 4 x 3^ x f th inch, to have a reverse 
angle-iron on every frame, 4^ x 3^ x j inch, riveted along the 
top of the floor-plates, and up the frames, to the height of the 
upper deck-beams, by fth inch rivets, 6 inches apart (every alter- 
nate ftiime ttom main-deck may be left without reverse iron, a 
piece being put in underneath the clamp-plate). Where desired, in 
wake of boilers and engines, the frames and reverse ban to be 
worked double. 

Floort. — The floor-plates at keelson or amidships to be 33 indies 
deep X |th inch thick ; to be carried up past the turn of bilge, say 
to the 6 feet water-line, and riveted to the frames and reverse 
angle-irons. The end of each floor, which butts against the keel- 
son, to have a vertical angle-iron, 5 x 3 x i inch, riveted to the 
floors and to the centre keelson, (section CD, fig. 59). Along each 
side of the top of keelson- plate there will be argie-iron 5 x5 X |tha. 
riveted on a level with the top edge of keelson-plate and floors. A 
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fVactical plate 36 x fib inch In engine-room, and 36 x ifths at enda of All butt-jointed longltadinal straps single liTeted, thwart straps Practical 

Building, vessel, in long lengths, will run the whole length of the vessel, and double riveted ; the whole riveted to the beam angle-irons with Building. 

V _^ ^-a^^ be riveted to the angle-iron on top of keelson^ and to the reverse rivets spaced 4 inches apart ^ _»^-«_-* 

.^ angle-irons of the floors ; these plates to be built jointed, and Hold Stanehsom. — From keelson to lower deck beams to have 3} Bnecdfie* 

^P*^^ double riveted, section GG. inches round Iron stancheons, riveted securely to the keelson-plate tionof th« 

«? ♦ 1 ■'^^•^o*" — ^^ ^*^® *^o **^® '°^ ^^^ ^*'K® keelsons, to be formed and the beams ; above these from lower deck to main deck to have «• AMttS 

• Austral- ©f plates 30 inches broad x|th inch, riveted to the reverse frames. 8 inches round iron stancheons, firmly secured to both tiers of--i- if* 

■•»*'*• On the centre of these plates there will be double angle-irun beams where necessary asian. 

6 X 3^ X |th, riveted back to back, and to the plates. From be- Bulkheads.—To have the number of water-tight bulkheads that 

twixt these angle-irons there will pass down to the skin-plate |th may be required by the company, fitted between double frames 

inch thick, the breadth regulated by the distance apart of the frames and over keelson and stringers, supported by suitable bars of angle- 

and reverse angle-irons ; these plates to be riveted at the foot to iron 4x3x1, spaced 30 inches'apart 

short pieces of angle-iron, secured to the skin, and at the top, be- Bulkheads to be carried to main deck, and to be fitted in every 

twizt the floor angle-irons, section H. H., Ac, &c. ; to have inter- respect in accordance with the Board of Trade regulations. Be- 

mediate keelsons for about 150 feet amidships, to be double angle- tween the aftermost bulkhead, to which screw-propeller pipe is 

iron 6 X 3^ X f th inch, riveted back to back, and to the reverse attached, and the stem-post, to have fitted on every frame, up to the 

angle-irons on the floors, and to be connected to the outer skin, height of lower-deck beams, a series of bulkheads formed of ^-inch 

same as the other keelsons, section H. H. The whole of the plate, and firmly riveted to the frames, and secured on the top 

stringers, main, bilge, and other keelsons, to pass unbroken through with double angle-iron ; at this line breast-hooks, specified after- 

the bulkheads, and to be made water-tight by strong brackets, wards, are to be worked forwards to the pipe bulkhead, so as to 

riveted to them, and to the bulkheads. form an iron deck above these bulkheads specified, and to ba 

p^ 900 feet j^f^ riveted to the double angle-iron on them. The hole for passing 

_,. ^ ^ ^..xm-^.x ^*** stern-pipe through to be carefully arranged, so that no mora than 

iV«rtjHr.-Garboard-strsketobefit-| ^ .^ ^ .^ necessary space is cut 

ted dose up totheframes j Jludder.— The stock to be 7^ inches diameter, with turned pintlea, 

irext strake to garboard (to gar- 1 . , , of best hammered scrap-iron, in one piece with the frames, and 

^x»«^) J » » » plated with fths plate. 

Thenw to bilge H f U Breatthookt and Orutchs$.—To be fitted at each deck, fore and 

Bilge-strake.. H I if aft the ship, at the junction of the stringer plates ; bilge and side 

TOence to wales.... ^ | & tV J keelson formed by riveting triangular plates about 9 feet long to 

Wales in two strakes IT: *!»«•« ^ore and aft ties, so as to firmly unite the two sides of Uie 

Thenoe to sheer-strake tV 1 iV ship. 

Sheer-fltrake at least 36 in. broad | 1 | Mcut-Parineri.^On the various decks to be formed of materials 

The plating from keel to gunwale to be lap-jointed horizontally similar to the beams, and to be securely riveted to them, 
with vertical flush-butts, with an internal strap of corresponding Gunwale Moutding.^-To be formed of 6-inch half-round iron in 

thickness to the respective plates, 8 inches wide. The butt-straps length, securely riveted to the upper edge of wale strake by rivets 

of the sheer, wale, or garboard- strakes to be cut across the thread of about 8 inches apart. 

the iron from plates, and to be iVtb thicker than the plates to W<MUr-ways. — On main and lower deck of red pine 4^ inches 

which they are respectively fitted. All the plates which end on thick, and on the upper deck of East India teak 18 inches broad 

screw-frames, and the next adjoining them on every strake, to be by 9 inches thick, both securely bolted to the stringer plates by 

not less than ifths thick, and double riveted, with very great care, two rows of bolts and nuts. 
to the stem-frame. Deekt. — To have three decks. Upper deck throughout where 

Riveting. — The keel, stem, stem-post, and all the longitudinal exposed to be of best East India teak 3^ inches thick, to be secured 

seams of the plates, up to the spar-deck, to be double riveted. All to the beams by bolts and nuts at every third beam, and with a 

the butts throughout the ship to be double riveted. Double rivet- wood screw of best form on both sides of the alternate beams, the 

ing to have about eight rivets to the foot The bar-rivets, through whole to be planed true on the edges, top, and bottom before being 

frames and plates, to be spaced 6 inches apart, and the plating to laid, and thoroughly caulked and payed with resin or pitch, as may 

be wrought out and in fashion; the space between each alternate be directed by the company, and made perfectly water-tight; 

strake, and the frame being filled with a solid sliver-piece closely main-deck to be of best seasoned Quebec yellow pine 3^ inches 

fitted ; all the rivets of keel, stem, and stern-post, to be l}th inch thick, thoroughly secured to the beanu by wood screws with bolts 

diameter ; those passing through inch plates to be 1 inch ; through in the butts, thoroughly caulked, payed and made water-tight ; 

f th plates, to be H^ i through f th plates, {th inch ; remainder, lower-deck of 3 inches yellow pine to be similarly fitted, 
f th inch. JZatif.^The rails to be of best East India teak of suitable 

Caulking, — The whole of the seams and butts to be caulked In breadth, firmly bolted to stancheons, to be covered on the outside 

the most carefUl manner, and made perfectly water-tight ; and on and inside edge with 18 oz. yellow metal, firmly nailed ; to have a 

no account is any canvass, or red-lead, or like substance, to be in- netting all round of best cordage, firmly secured to galvanised 

serted in the seams, but all to be caulked throughout^ metal to iron rods on rail and water-way. 
metal. Bulwark Stancheons. — To be of East India teak, and to be fitted 

Beams, — Main-deck beams, of patent bulb-iron, 10 x |th inch ; into sockets formed of angle-iron, 7 x 3 x ^ ; these to be riveted 

upper and lower deck-beams, of patent bulb-iron, 9x1 inch, all to the stringer plates at proper intervals for the stancheons, one 

to be spaced on alternate frames ; the upper, main, and lower deck- bolt through each socket and stancheon. 

beams to have double, 3 x 3 x } indh angle-iron, securely riveted Hduh Coamings, — On main, upper, and lower decks, of East India 

on top edge, with rivets 8 inches apart ; all the beams to have suit- teak, of dimensions to suit the size of the hatches, and securely 

able knees, solid, 18 inches deep, for securing them to the frames, bolted to the iron carlines ; to be protected by iron plates on sides 

formed by bending round the ends of the beams. and top, and fitted with iron battens, cleats, and cutbands ; on 

Stringers, — On the upper-deck, of plate, 42 x fths amidships, and upper decks to have teak skylights on the hatches, 
^ths at end, with angle-iron 8 x 3} x |th inch riveted to it and Ceiling.^Jn flat of floor in holds of 2|-inch elm, thence to hold 

to the deck-beams, and double riveted to the sheer-strake on the beams of 2-inch red pine from hold beams to main-deck beams, 

main and lower deck, of plate 36 x fths amidships, and iV^^' '^^ ^^^ cabins and store-rooms of 1-inch yellow pine close seamed ; 

end with angle-iron, 5 x 3 x f th inch, firmly riveted to the main the ceilings to be bolted to reverse angle-irons with galvanised 

and lower deck-beams, and reversed angle-irons, 2 feet below the screw-bolts. 

main and upper deck-beams, to have a clamp-plate 18 x|th inch. Ports, — To have four gun-ports on each side, with flaps properly 

running the whole length of the vessel, and securely riveted to the arranged in netting, and fitted with ring-and-eye bolts as required, 
reverse angle-irons on the frames, by rivets spaced 4 inches apart. Capstands, — To have one of Brown's patent capstands of suitp 

All the butts to be double riveted. able size, placed forward, with patent chain-stoppers, and four 

Deck Trussing, — On the upper and main deck, on each side of riding bitts complete for working cable; in addition, to have a cast- 

the hatches, to have a plate 24^ inches, carried right fore and aft, iron working capstand, with brass top on quarter-deck poop, both 

worked in lengths of 15 feet ^^^^ double-riveted butts, the whole complete, with all necessary bars. 

riveted to the l>eam angle-irons with ten rivets in each ; the whole Catheads. — Of Brituh oak, with anchor stoppers, and all usual 

space from the outside edge of this to the inside edge of gunwale fittings. 

stringer on the upper-deck to be filled in with plate, wrought in Bitu. — To have at least five cast-iron mooring timber-heads on 

long lengths, not less than 18 inches broad and a f-inch thick each side, of suitable strength, properly bolted through water-wayt 

(these plates may be f -inch, and cover a space equal in weight to and stringer plates, with heavy chocks of hard wood timber below, 
thoie plates specified). Hawse-pipes, — To have a strong cast-iron hawse-pipe on each bow. 
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Pkmetieftl of slse to lait chains, firmly tecnred to the skin of the ship ; also 
Building, stern and side mooring pipes of cast-iron where required, and 
v^ -u^^ firmly secured. 

fttuu»{« Ckain-Lotik«rt, — To he huilt of wood where required. 

Bpeeific»- Antikort and C%a<iw.— To hare anchors and chains ; the chain 
UA !L!i ^^^^^ ^^ ^^^ ^^^ ^'^°* and to he tested to the government test 
mu!I^>» ' Hemp-warps according to Lloyd's rules. 

" *" Anekor-baviu, — To have two strong anchor-davits, with hlocks 

and falls complete for lifting anchors. 

Aimp«.— To have a pair of 6-inch Redpath's patent pumps in 
each compartment, with lead-pipes and roses, and all the necessary 
iron gearing for working. 

Seuppert, — To have sufllcient lead scuppers on upper and main 
deck, well secured to ship's side and water-ways. 

Tanki, — ^To have suitable iron tanks made of quarter plates, cap- 
able of containing 10,000 gallons of water, with two fixed copper 
pumps with brass boxes, lead pipes, and iron gearing complete for 
working, and placed where required. 

M€uu oful Sport. — To be rigged as a ship, with one complete 
set of masts and spars according to plan ; lower masts and bow- 
sprit of yellow, red, or pitch pine in one stick, or built and hooped 
if necessary ; topmasts, lower and topsail yards, and jibboom to be 
of red or pitch pine, the remainder of black spruce ; to be all ac- 
cording to plan, and complete with all usual iron work of best 
quality. 

Rigging. — All the standing rigging to be of galvanised wire, 
the running rigging to be of the best St Petersburg or Manilla 
hemp and chain where required, chain of best best iron. 

Blockt. — To have a complete set of iron and rope stropped 
blocks of suitable sixes, the lower and topsail yards brace blocks, 
topsail peak and throat haulyards, catbl<>cks, &c. ; to have Dalton's 
patent roller bushes in the sheaves, the standing rigging to be set 
upon lignum vita dead eyes of proper sise ; to have all necessary 
snatchblocks, catblocks, watch-tackles, and belaying-plns of 
greenheart. 

Sails, — To have one complete suit of sails, the topsails to be 
fitted with Cunningham's patent reefing apparatus according to 
plan, of Oonvock extra canvass, with suitable Nos. ^complete, ready 
for bending with sail covers as required. 

Iron Work. — All the small iron work of the hull to be furnished 
complete of the best quality. 

BoaU. — To have at least six boats, according to Act of Parlia- 
ment, complete with strong iron davits, tackle falls, Ac, as usual. 
The boats to be supplied with ash oars, rudders, tillers, and boat- 
hooks, and the four largest to have masts and sails. 

All the boats to be supplied with canvass covers and gripes as 
required ; the four midship boats to be carried inboard on beams 
of proper strength, and properly supported on iron stancheons 
fh>m the rail, and to be fitted with patent lowering apparatus to 
a plan to be ftirnished. 

Gangwayt. — To have properly-fitted gangways opposite to each 
hatch for receiving cargo ; to have on each side a passenger-gang- 
way, with suitable accommodation-ladders^ davits for lifUng, iron 
railings, and man-ropes. 

CoaUng-Portt.—To have fitted along ship's side, between upper 
and main-decks, the number of coaling-ports that may be afterwards 
found necessary, properly hinged, so as to be perfectly water- 
tight when closed, and fitted with strong iron shoots inside, com- 
municating, by grated openings, with the upper-decks and with 
coal-boxes. 

Painting. — The outside of the ship to receive three coats of the 
best OH paint, the inside two coats, except the bottom, which is to 
be coated with patent cement. The woodwork on deck to receive 
three coats, and to be grained in imitation oak. Masts and spars 
to receive two coats of paint or varnish. Cabins and internal fit- 
tings to be painted in the best manner, as may be afterwards 
directed. 

Winches. — To have three double-power cargo winches, with der* 
ricks and chains complete, for working cargo. 

Side Lighu.^To have two brass side lights in each state-room 
on main-deck and spar-deck, all securely riveted to ship's side, and 
made water-tight. 

BsUs. — To have a ship's bell and belfry, with name engraved on 
it^ and binnacle-bell. 

BinntuUs. — To have two brass and one mahogany binnacle, with 
lamps. 

J^gurekead. — To have a handsome full-length figurehead, with 
trail-boards, stern and quarter carving, as may be required to suit 
name, ail handsomely relieved with gilding. 

Flags. — To have one ensign, one burgee, one union-jack, one 
blue-peter, one private signal, and one set of Marryatt's signals 
with chest and t)ook. 

Signal Lanterns. — To have complete set of Admiralty signal 
lanterns (brass, of large sixe). 



Ouns, — To have two brass 4-pounder, and fi>ttr iron 9-poander Practical 
guns, with breechings, rammers, and sponge complete, with all the Building, 
usual complement of muskets, pistols, and cutlasses. v ^ ^^ 

Steering Apparatus. — ^To have a handsome double-steering wheel , ~ 

of E. I. teak, fitted with right and left handed screw-steering gear, Spedfica- 
brass nuts, malleable iron crossfaread, connecting-rods, and screw, tion of the 
To have two portable tillers fitted to rudder-stock ; wheel to be '* Austral- 
covered by a substantial house, with glass front. • * '* 

Cook-House. — ^To have a spacious galley of iron fitted on main or 
spar-deck, near funnel, with the roost improved form of cooking 
apparatus and baking ovens for crew and passengers ; the wood- 
work of the galley to be lined with 51b. lead and felt, and the 
floor to be covered with fire-tiles, and to have proper ventilaton 
on sides and top. 

Pbop. — To have a poop to extend from after-part of yessel to 
after^part of after-hatch, about 90 feet long ; in forming the poop, 
every alternate frame of the vessel to be carried up, to which are 
to be joined the beams of the poop, same size of iron as the frames. 
The sides and after-end of the poop to be rounded over and plated 
with I plates, the poop-deck to have teak water-ways, 12 x S ; 
teak decks, 3^ x 5^ The whole fastened to the beams with bolta 
and screws, every butt to have a screw-bolt. Stancheons of gal- 
vanised iron to be carried round the poop, with a teak rail on top. 
The poop to be fitted with suitable skylights, made of teak, fitted 
in the best style for light and yentilation ; also to have round or 
square side lights in state-rooms, as may be required ; to have side 
stairs, with brass rails, from the upper deck. The inside of poop 
to be fitted up in first style for passenger accommodation, and in 
accordance with a plan to be approved ; to have two bath-rooms ; 
also a water-closet for every eight passengers, side state-rooms, 
ladies' sitting cabin, captain's cabin and steward's pantry, with all 
the necessary furniture and fi tings ; the whole of the very best 
description of workmanship and material, as^usual in large pas- 
senger steamers of the first-class. 

Main-Deek. — On the main-deck a dining-room, to be entered by 
a spacious stair, either fVt)m inside of poop or fh>m upper-deck, to 
be fitted with all the necessary furniture ; a full set of dining- 
tables, sofas, settees, and chairs covered with morocco; to have 
mirrors, carpets, sideboards, stoves, lamps, swinging trays, Ac, Ac, 
and to have side state-rooms for first-class passengers, with carpets, 
curtains, sofas, wash-stands, &c., the whole arranged to a plan to 
be approved of. 

Seeond'CkM Aceommodation, — To be fitted on main-deck forward 
for 100 passengers, with a water-closet for every 12 passengers, 
bath-room, &c. Saloon under spar-deck, of polished E. I. teak, 
with tables, settees, &c. The steward's bar and other conveniences 
all in the best manner. 

Deck-House. — To have a strongly-fitted deck-house, as large aa 
possible, consistent with other deck arrangements ; to be constructed 
with iron -frames and beams, made fast to strong teak coamings, 
bolted to the deck-beams. The deck of the house to be of 2 J inches 
yellow pine, with a side covering board to form moulding, of E. I. 
teak ; the sides and ends to l>e of 1| inch yellow pine, half 
checked or feathered, and grooved ; the house to be fitted according 
to a plan to be arranged and approved. 

Officer^ Accommodation. — To have accommodation for the officers^ 
engineers, stokers, and stewards, with a sufllcient number of water- 
closets and other conveniences, fitted on main-deck, between the 
first and second-class cabins, with separate ladder-ways, all as may 
be afterwards arranged. 

Topgallant Forecastle. — To extend from the back of the figurehead 
of vessel to the fore side of the fore-hatch, being about 68 feet in 
length, and in height about 6 feet to 6 feet 6 Inches ; every alternate 
frame of the vessel at forecastle to be carried up to deck of fore- 
castle, with reverse angle-irons, 4x3x4 inches, by piecing the pre- 
sent frames ; to have an angle-iron stringer, 4 x 4 x i inches, with 
plates 18 X 1 inches. The beams to be of bulb-iron, 7 x ii placed on 
every frame ; these beams to be turned down at ends, to form kneee, 
same as the other beams of the vessel ; the beams to have an angle- 
iron, 2^ X 2^ X I inches, riveted on each side, for fastening down 
decks; to have two beam-ties riveted on top of plates, 12 x i; and 
that part of the forecastle deck where capstan comes through, to be 
all plated between the beam-ties ; same to extend a sufficient length 
for strengthening that part of capstan ; plating to be iVths thick, 
and to extend from gunwale of vessel to top of forecastle, and the 
whole leng^ of forecastle with double riveted butt-joints. The 
decks to be of teak, 6^ x 3 inches, with teak water-ways, 12 x 4 J, 
well fastened down, caulked, and made water-tight; the part of 
deck at capstands to be well fastened and strengthened with teak 
planks, of increased thickness to those on deck ; the top of fore- 
castle to be fitted with all the necessary chocks, &c., required for 
a vessel of this class. The capstand for anchors to be double, and 
wrought on topgallant forecastle; but the stopper and riding-bitts 
to remain on spar^eck, as originally intended. The front of fore- 
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Practical castle to be neatly dosed In and panelled, equal to bulwarks of 
Bailding. Tesiel. The interior to be fitted up for crew, as may be directed 
\^ms/,^ by owners, with suitable brass aide lights for ventilation. 

Foreeoitk. — ^The crew to be accommodated in forecastle, under 
spar-deck, with berths, mess tables, Ac, as may be required. 

Low€r-Deck Fittingt. — The lower-deck, forward and aft, to be 
fitted with bullion-room, mail-room, wine-cellar, store-rooms, Ac, 
as may be directed, all in the most approved manner. 

On the main-deck, forward of second-class cabin, the remaining 
space to be fitted with butcher's shop, cabin for petty officers, and 
other necessary fittings, as may be directed. 

SkyUghU,— 'The second-class cabin to be lighted and ventilated 
by skylights, fitted on cargo hatches, with suitable gratings, and 
other particulars as required. 

Sundries. — All the locks, hinges, hat-hooks, ftc, to be of brass, 
and fitted as required, and of the best description ; to have com. 
plete sets of lamps for all the cabins, locks and bars for all the 
hatches and store-rooms ; hen-coops, sheepfold, pig-sty, sets of 




Fig. 60. 

eapstand bars for both capstands; four 60-gallon water-casks four 
harness-casks, twenty -four buckets, twenty-four mess kids; four 
water-funnels, six breakers, four deck-tubs, and four tar-buckets ; 
awnings for quarter-deck, with iron stancheons, binnacles, and bell- 
covers; skylight-covers and tarpaulines as required; Iron bell- 
mouthed ventilators, and windsails for engine-rooms where re- 
quired. 

Tayierson*s Messrs Taylerson and Company, of Port-Glasgow, have 
diagonal patented a diagonal arrangement of the frames of iron 
framing, vessels. They substitute (Uieigonal framing in the place of 
the ordinary verdcal framing, or intersperse diagonal with 
vertical frames. The annexed figure shows the latter sys- 
tem of arrangement. No addition of strength^ however, 
to the side of a ship will obviate the necessity for strength 
in the bottom and in the deck. If rupture were to uke 
place at the top edge of the side, it may be doubted whether 
the diagonal frame would do more than divert the line of 
rupture into the sloping line between itself and the next 
frame. The same builders use a remarkably strong form 
of keel and keelson (fig. 61) ; and a representation of this is 
annexed, showing at the same time their mode of attaching 
the water-tight bulkheads ; they introduce a piece of timber 
at eaoh bulkhead, where it is attached to the ship's side, 
and fasten this by screws from the outside, with a view of 
lessening the number of rivet-holes. This most desirable 
object is no doubt attained, but great care must be taken 
that corrosion of the fastenings does not take place. 
Arman's Mr L. Arman, of Bourdeaux, has constructed ships with 
mixed sys- diagonal iron framing inside a framing of wood of very 
tern of wood I jgi,^ gcantling, the sheathing of the ship being of wood, 
an ron. j^side the vessel, and attached to the iron frames, he in- 
troduced a series of horizontal stringers of plate-iron at 
intervals from the deck to the keelson, which is also of 
iron. This system imparts great strength to the frame- 
work of the vessel, and it is believed that it has, upon the 
whole, been very successful. Altogether the combination 
of wood with iron has been carried much further in France 



than in this country. Iron beams are being much used in Practical 
their vessels, and iron rudder-pieces, the latter being very Building, 
advantageous in men-of-war, from their smaller size. ^***v^*^ 

Before closing these remarks, the influence or effects Effects of 
exercised upon the practical constructk>n of ships by the Lloyd's 
rules of Lloyd's register require to be noticed, as ^cy "P'**' '" 
form a code of instructions to which all merchant-builders?^*^ 
of this country are compelled to adhere. These rules are 
called compulsory, because if a builder deviates from 
them, or ventures to differ in any point from the opinions 
of the surveyor, his vessel loses caste, either by being 
excluded altogether from the first class, or by being put 
on it for a less term of years. This does not suit the 
purchaser, and as there is no appeal firom the decision of 
the surveyor, the builders must submit. In the first place, 
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it may be remarked, that to have but one table of scant 
lings, &C., for ships of the same tonnage, while it is evident 
that the same rules as to scantling, &c., cannot be cor- 
rect for the sharp long ship intended for carrying light 
cargoes, such as tea, wool, &&, and also for those which 
are intended for heavy dead- weights. Nor is any differ- 
ence permitted in the scantlings of the timbers at the bow 
and at the stem of full or sharp ships. The rules do not 
directly interfere with the forms of ships, but in some re- 
spects they have undoubtedly indirectly militated against 
the production of fast-sailing vessels. 

Tne supporters of Lloyas register claim to themselves 
the credit of having improved the British mercantile ma- 
rine ; but, in the opinion of many experienced persons, its 
effect has been to produce a dead ancf spiritless mediocrity. 
That the construction of many very bad ships is greatly 
prevented is true, but there is no actually compulsory law 
to force every ship to be inspected and classed at Lloyd's, 
and many ships are sailed independent of any such inspec- 
tion : its action in this respect, therefore, is not complete. 
On the other hand, it is equally true, that men of skill and 
talent are restrained from introducing improvements in the 
combination of materials. That this is the effect produced 
is well known ; and as an instance, it may be mentioned, 
that on the first proposal being niade to introduce iron 
beams into a wooden vessel, leave was refused unless the 
vessel was put into a lower class ; and this improvement. 
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Pnetleal which is now fully admitted by Lloyd's, was kept back lor 
Building, many years. It is natural that the general feeling of ser- 
V^V^^ vants of the government, or of large public or joint-stock 
companies, should be against taking responsibility upon 
themselves bv introducing or permitting changes ; but it is 
much to be aeplored if Uiis spirit is brought into such a 
position as to be a drag upon the talent and energies of the 
whole nation. Shipowners who are not themselves practi- 
cally acquainted with ship-building, take the natural course 
of adopting Lloyd's register as their standard. They con- 
tract for a ship to be built in such a manner that she nmy 
be put into the first class at Lloyd's, and they thus declare 
themselves ready to pay tlie cost of the builder's adherence 
to Lloyd's rules. 

The ship-builder knows, perhaps, that he could introduce 
improvements, but he is unwilling to subject himself to the 
risk of a refusal by Lloyd's surveyors, and as the purchaser 
for whom he is working is satisfied, he builds accordingly. 
The want of encouragement by Lloyd's rules to increase 
the durability of ships has been before noticed. Under 
the existing rules, then, there seems to be reason to fear 
that the tendency of Lloyd's register has been to some ex- 
tent to cause increased expenmture, to restrain improve- 



ment, and to uphold a dead and stagnant mediocrity. It Practical 
is to be hoped that care will be taken to guard against Ballding. 
the possible existence of such evils for the future. V.»^^^«^</ 

On Launching, 

Ships are generally built on blocks which are laid at aLaaaehing. 
declivity of about fths of an inch to a foot. This is for the 
facility of launching tliem. The inclined plane or sliding 
plank on which they are launched has rather more inclina- 
tion, or about }ths of an inch to the foot for large ships, 
and a slight increase on this for smaller vessels. This in- 
clination will, however, in some measure, depend upon the 
depth of water into which the ship is to be launched. 

While a ship is in progress of being built, her weight 
is partly supported by her keel on the blocks, and partly by 
shores. In order to launch her, the weight must be taken 
off these supports, and transferred to a movable base ; and 
a platform must be erected for the movable base to slide 
on. This platform must not only be laid at the necessary 
inclination, but must be of sufiicient height to enable the 
ship to be water-borne, and to preserve her from striking the 
ground when she arrives at the end of the ways. 




Fig. 82. 



For this purpose, an inclined plane, a, a (figs. 62 and 63), 
purposely lefl unplaned to diminish the adhesion, is laid on 
each side the keel, and at about one-sixth the breadth of the 
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vessel distant firom it, and firmly secured on blocks &st- 
ened in the slipway. This inclined plane is called the 
sliding-plank. A long timber, called a bilgeway, 6, 6, with 
a smooth under surface, is laid upon this plane ; and upon 
this timber, as a base, a temporory frame-work of shores, 
c, c, called '' poppets," is erected to reach from the bilge- 
way to the ship. The upper part of this frame-work abuts 
against a plank, d^ temporarily fastened to the bottom of 
the ship, and firmly cleated by cleats, «, e, also temporarily 
secured to the bottom. When it is all in place, and the 
sliding- plank and under side of the bilgeway finally greased 
with tallow, sofl soap, and oil, the whole framing is set close 
up to the bottom, and down on the sliding -^"lank, by wedges, 
/> fy technically called slivers or slices, by which . means 
the ship's weight is brought upon the *' launch" or cradle. 
When the launch is thus fitted, the ship may be said to 
have three keels, two of which are temporary, and are se- 
cured under her bilge. In consequence of this width of 
support, all the shores may be safely taken away. This 
being done, the blocks on which the ship was built, except- 
ing a few, according to the size of the ship, under the fore- 



most end of the keel, are gradually taken from under her 
as the tide rises, and her weight is then transferred to the 
two temporary keels, or the launch ; the bottom of which 
launch is formed by the bilgeways, resting on the well mased 
inclined planes. The only preventive now to the launch- 
ing of the ship is a short shore, called a dog-shore {g\ on 
each side, with its heel firmly cleated on Uie immovable 
platform or sliding- plank, and its head abutting against a 
cleat (A), secured to the bilgeway, or base of the movable 
part of the launch. Consequently, when this shore is re- 
moved, the ship is free to move, and her weight forces 
her down the inclined plane to the water. To prevent her 
running out of her straight course, two ribands are secured 
on the sliding-plank, and strongly shored. Should the 
ship not move when the dog-shore is knocked down, the 
blocks remaining under the fore part of her keel must be 
consecutively removed, until her weight overcomes the 
adhesion, or until the action of a screw against her fore- 
foot forces her off. 

A much less expensive mode of launching is now much Launching 
practised in the merchant-yards of this country, and has ^'^ '*'* ^••*« 
been long in use in the French dockyards, allowing the 
keel to tSiLQ the entire weight of the vessel. The annexed 




Fig. 64. 

figure represents this method (fig. 64). The two pieces 
(a a), which are shown in the figure as being secured to 
the ship's bottom, are the only pieces which need be pre- 
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pared according to this system for each ship, the whole of 
the remainder being available for every launch. A space 
of about half an inch is lefl between them and the balk 
timber placed beneath them, as it is not intended that the 
ship should bear on these balk timbers in launching, but 
merely be supported by them in the event of her heeling 
over. The ship, therefore, is launched wholly on the 
sliding-plank («), fitted under the keel. Messrs Hall of 
Aberdeen launched a vessel of 2600 tons in this manner 
without a single cleat upon her bottom or riband of any 
kind, and avoided all the making-up of the side-ways, 
except for about 60 feet in midships for keeping the ship 
upright The centre -way was hollowed, and a round 
sliding-way fitted in it, and the keel was thus supported 
from end to end. This may therefore be considered to 
be the safest, cheapest, and easiest mode of launching long 
sharp ships. 

If a ship is coppered before launching, so that putting her 




Fig. 6ft. 

into a dry-dock for that purpose becomes unnecessary, it is 
then desirable that she should be launched witliout any 



cleats attached to her bottom. This method of fitting the Practloa 
launch, as represented in figure 65, is then adopted for this Building, 
purpose. The two sides of the cradle are prevented being ^^V^^ 
forced apart when the weight of the ship is brought upon 
them by chains passing under the keel. Each portion of 
framework composing the launch has two or more of these 
chains attached to it, and each chain is brought under the 
keel, to a bolt a, which passes slackly through one of the 
poppets, and is secured by a long forelock b, with an iron 
handle (c), reaching above the water-line, so that when the 
ship is afloat it may be drawn out of the bolt. The chain 
then draws the bolt a, and in falling trips the cradle fi'om 
under the bottom. There should be at least two chains 
on each side secured to the fore-poppets, two on each side 
secured to the afler-poppets, and two on each side to the 
stopping up, and this only for the launch of a small ship : 
in larger ships the number will necessarily be increased 
according to the weight of the vessel and the tendency that 
she may nave, according to her form, to separate the bilge- 
ways. This tendency on the part of a sharp ship by a 
rising floor, or by her wedge-shaped form in the fore and 
after bodies, is great, but there is not much probability of 
a ship heeling over to one side or the other. 

It is recorded that upon one occasion of our sailors hav- 
ing taken possession of an enemy's arsenal, and finding a 
vessel on the stocks nearly completed, they removed the 
shores firom one side, and tried to upset her by wedging 
up the shores on the other side, but were imable to do 
so. There appears, therefore, to be no valid objection to 
the cheaper and more ready method of launching on the 
keel. (a. m— t.) 
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Of the various triumphs of man*s ingenuity for which this 
as:e is so remarkable, none, perhaps, has conduced more to 
the wellbeing and happiness of the human race than the art 
of Steam Navigation. This is apparent when we consider 
the vastly extended means of communication which we now 
enjoy with the most distant parts of the globe ; the fresh 
impulse given to commercial undertakings by the rapidity, 
the safety, and the certainty of steamships, as compared 
with sailing-vessels ; and the increasing spread of civiliza- 
tion and Christianity attendant upon our intercourse with 
distant and semi-barbarous nations. It is not wonderful, 
therefore, that the merit of having invented an art so preg- 
nant with interest to mankind should be claimed for many 
different individuals ; and we accordingly find the names of 
ingenious men of all countries associated, more or less, with 
its origin.^ 

The use of paddle-wheels, propelled by manual or 
animal power, dates back to a very remote period, these 
having been employed by the Romans, and other na- 
tions of antiquity, for propelling their war-galleys ; but it 
is doubtful whether any advantage was thus obtained 
in economy of labour, as compared with the use of oars. 
It is not, therefore, until the gradual development of 
the steam* engine, and its introduction as a motive power, 
that we can hope to find any advancement in the long- 
sought-for art of navigating ships against adverse winds 
and currents. The first historical notice we meet with of 
such a combination — a steam-engine placed on board a 
vessel to act as the propelling agent— occurs in the year 
1543, when we are informed that Blasco de Garay, a sea- 
captain in the service of Charles V. of Spain, succeeded in 
propelling a ship of 200 tons burthen in the harbour of 
Barcelona, at the rate of a league (or three miles) an hour. 
No information is afforded us of the nature of his apparatus, 
except that it comprehended a boiler, which, it is stated, 
was liable to burst ; that the power was transmitted through 
paddle-wheels, and that the vessel could be turned with 
much facility by means of the apparatus. We can only 
speculate as to the nature of this mysterious engine, but it 
seems probable that it owed its efficacy to the reaction of 
a jet of high-pressure steam, on the same principle as that 
famous classical toy, the iEolipile of Hero, invented B.C. 
120. Notwithstanding that the scheme was commended 
by the emperor and his ministry, and its author promoted, 
we do not read of any second experiment being made, or 
of any further notice being taken of the invention. We 
may assume, therefore, that in this case the propelling 
power was found to be insufficient and unsatisfactory, and 
the experiment was worthless in its result. 

In the year 1630, David Ramsey, *^page of the king's 
bed-chamber," obtained a patent *^ To make boats, ships, 
and barges goe against the wind and tyde,* but we do not 
hear of any experiments having been made by him. The 
patent office contains records of various similar suggestions 
made between the years 1630 and 1681, but nothing of 
any practical value appears to have been effected. At the 
latter date the ingenious Dr Papin, a Frenchman, de- 
scribed a method of propelling a vessel by steam. The 
only engine then known, however, being itself very crude 
and imperfect, the doctor experienced so much difficulty in 
reducing his scheme to practice, that it is believed no 
actual trial of it ever took place. His principal difficulty 



lay in obtaining the required rotatory motion from the re- Steam Ka- 
ciprocating one of the piston, for which purpose he proposed vigation. 
to employ two cylinders, the piston of one o^ which should ^^-^v^*^ 
be ascending, while that of the other should be descending, 
the continuous rotative motion being obtained by means of 
racks attached to the extremities of the piston-rods, work- 
ing alternately into a pinion on the paddle shafl. Although 
Dr Papin's schemes can only be viewed in the light of 
theoretical suggestions, he still deserves much credit both 
for his idea of the atmospheric engine, and for his proposal 
to employ it for working the paddles of a boat. Savery, 
on the other hand (who published his Miner*s Friend in 
the year 1698), although a great actual improver of the 
steam-engine, and famous in his day as a clever mechani- 
cian, appears to have doubted the applicability of his engine 
to tlie propulsion of ships, since he only alludes cursorily 
to the possibility of such a thing. 

In the year 1705 Newcomen, having adopted Papin's Newcoraen, 
suggestions of the cylinder and piston, and Saver/s method 1705. 
of condensation, first completed the atmospheric engine, 
and made it capable of becoming, in practical hands, an 
efficient propelling power ; and it is worthy of remark, that 
even at tlie present day, we have several excellent paddle- 
wheel steamers which are most satisfactorily propelled by 
modern atmospheric engines, constructed by the late Mr 
Seaward. The great engineering difficulty at this period 
was how to convert the reciprocating motion of the piston 
into the rotary motion of the shaft ; for although, to our 
eyes, the crank may appear a very simple and almost self- 
evident expedient for this purpose, it was not till long 
afterwards that we find it introduced. 

In the year 1730, Dr John Allen proposed to propel a 
vessel by the re-action of a jet of water forcibly expelled 
from the stern — a scheme which has been repeatedly re- 
vived since his time, and which has recently been attended 
with a considerable amount of success in the hands of Mr 
Ruthven of Leith. Six years after Dr Allen's proposal, 
Jonathan Hulls obtained a patent for his *' Invention of a 
machine for carrying ships and vessels out of or into any 
harbour or river against wind and tide, or in a calm.*' His 
idea of a steam-boat was as follows ; and however we may 
now be inclined to smile at his rude mechanism, in compa- 
rison with the beautiful machinery of a steamship of our 
own times, Jonathan Hulls undoubtedly deserves much •^onath-in ^ 
credit for his ingenuity. In his boat two paddle-wheels **^**'^'^* 
were suspended in a frame projecting from the stern. In 
the body of the boat were two steam cylinders, whose 
pistons acted on the atmospheric principle ; that is to say, 
they were impelled in one direction only, by the pressure 
of the atmosphere acting against a vacuum. To each 
'piston one end of a rope was fastened ; the rope was then 
carried round a grooved wheel or pulley on the corresjwnd- 
ing paddle-wheel, the other end of the rope being allowed 
to hang free, with a weight attached to iu When one of 
the pistons descended in its cylinder by the pressure of the 
atmosphere, it pulled its rope, and consequently moved 
the paddle-wheel round in a degree due to the length of 
the stroke and the diameter of the pulley. While the 
piston was ascending in the cylinder, on the re-admission 
of the steam, the counter-balance weight at the end of the 
rope dragged the pulley round in the contrary direction ; 
but the pulley being attached to the paddle-wheel by 



* The historical portion of this article ii indebted to Professor B. Wooderoft*! Skttch of the Origin and Progrw of Steam Navigation 
far eomo valuable facts. 
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ratchet-work, it was so arranged that the paddle-wheel 
remained stationary during the retrograde motion of the 
pulley. There being two cylinders and two paddle-wheels 
in the boat, one would be in motion whilst the other was 
stationary, and thus a continuous progressive movement 
was given to the boat. It is uncertain whether this plan 
was ever put in practice. 

We now arrive at the era of Jauies Watt, whose inven- 
tive genius removed most of the obstacles which had 
hitherto prevented the steam-engine from being effectively 
employed for propelling vessels. His main improvement, 
afler his invention of the separate condenser, was the sub- 
stitution of the double-acting in place of the single-acting 
or atmospheric engine, by which means the power of an 
engine of given size and weight was at once doubled, while 
the motion was at the same time rendered more uniform. 
About this time also (1780) the crank and By- wheel were 
first patented by James Pickard. Although Watt's improve- 
ments rapidly paved the way for the successful adaptation 
of the steam-engine to the purposes of navigation, we do 
not find tliat he himself devoted much attention at first to 
this subject, confining his views to perfecting the rotatory- 
engine, and increasing its economy. Accordingly, we 
find that it was not till afler the expiry of their patent in 
1800 that Boulton and Watt's engines were applied to this 
use. 

In the year 1781, the Marquis de JoufFroy constructed a 
steamboat at Lyons of the following dimensions : — 140 feet 
lung, 15 feet beam, and 3*2 feet draught of water. His 
experiments, which were made in the river Soane, were 
probably unsuccessful, as the subject was allowed to drop. 

Leaving undescribed some abortive schemes'of Ramsay 
and Fitch in America, and Serrati in Italy, which were 
attended with no practical result, we pass on to the first 
really successful attempts at steam navigation, which were 
made in 1788 by a Scottish gentleman, Patrick Miller of 
Dalswinston, in Dumfriesshire. Having previously expe- 
rimented with boats propelled by the power of men and 
horses applied to paddle-wheels, he resolved to make the 
steam-engine do this work ; but neither he nor Mr James 
Taylor, who resided in his family as tutor, and assisted 
him in his experiments, could devise a plan for apply- 
ing the engine. In this dilemma Taylor suggested that 
they should call to their assistance an old schoolfellow 
of his, Mr William Symington, an engineer, at that time 
employed in endeavouring to adapt the steam-engine to 
wheeled carriages. Mr Miller accordingly saw Symington 
in Edinburgh, and, after examining the model of his loco- 
motive carriage, was convinced of the perfect applicability 
of a similar engine to drive the paddle-wheels of a boat, 
and gave orders for one to be made under the direction of 
Symington and Taylor. This engine was accordingly 
made in Edinburgh, sent to Dalswinton, and put together 
by them in October 1788. The engine, in a strong oak 
frame, was placed on one side of a twin, or double pleasure- 
boat, on Dalswinton loch ; the boiler was placed on the' 
opposite side, and the paddle-wheels in the middle. In 
the same month of October the machine was put in mo* 
tion, and the inventors had the gratification of witnessing 
the perfect success of their efforts. Although the cylin- 
ders of their engine were but 4 inches in diameter, this 
first steamboat attained a speed of 6 miles an hour on the 
waters of the lake. 

Mr Miller, being now desirous of trying the experiment 
on a larger scale, commissioned Mr Symington to purchase 
one of the canal-boats employed on the Forth and Clyde 
Canal, and to have suitable engines constructed for her at 
Carron Ironworks. When this new machinery was ready, 
a trial took place on a straight reach of the canal of about 
4 miles in length, on the 26th of December 1789, when 
the vessel moved at the rate of about 7 miles an hour. 



Many other experiments followed with a similar result, Steam Na- 
as will be seen by the following notice of them sent (by vigaiion. 
Lord Cullen) to several of the Edinburgh newspapers : — ^"•V^^^ 

'• It is with great pleasure I inform you that the ezperiro^'nt 
which some time ago wa smade upon the great canal here hy Mr 
Miller of Dalswinton, for ascertaining the powers of the steam- 
engine when applied to sailing, has lately been repeated with great 
success. Although these experiments have been repeated under ft 
variety of disadvantages, and with a vessel built formerly for a 
different purpose, yet the velocity acquired Mas no less than from 
6^ to 7 miles an hour. This sufficiently shows thar, with vessels pro- 
perly constructed, a velocity of even 8, 9, or even 10 miles an hour, 
may be easily accomplished, and the advantages of so great a velo- 
city in rivers, straits, &c., and in cases of emergency, will be suffi- 
ciently evident, as there can be few winds, tides, or currents, which 
can easily impede or resist it; nnd it must be evident that, even 
with slower motion, the utmost tdvant-'ges must result to inland 
navigation/' 

Although these experiments were thus partially success- 
ful, and their value well understood and appreciated, we 
find that Mr Miller's boat was soon afterwards dismantled 
and laid up at Carron, and nothing further was at that 
time attempted. This apparent apathy can only be ac- 
counted for by the fact (which was afterwards acknow- 
ledged by Mr Miller himself), that Symington's machinery 
was not equal to tlie task of propelling a boat with the 
degree of certainty and regularity necessary to ensure com- 
mercial success. Hence, although the great principle of 
the possibility of steam navigation was thus apparently 
settled by Mr Miller's experiments in 1788 and 1789, it 
was not till the year 1801 that a really practical steamboat 
was first produced in Scotland. In this year Thomas Lord 
Dundas, who was well acquainted with Miller's ex|)eri- 
ments, and who was a large proprietor in the Forth and 
Clyde Canal, engaged Mr Symington to undertake a fresh 
series of experiments on this subject, with the view of em- 
ploying steamboats for towing on the canal in place of horses. 
The result was the production of the Charlotte Dundas, The Char- 
named afler his lordship's daughter, and which, from the lotte Dun- 
simplicity and practical nature of its machinery, may bedaSylSJl. 
justly considered as the " first practical steamboat." The 
superiority of this boat over its ))redecessors lay in Syming- 
ton's more judicious arrangement of the machinery, which 
consisted of Watt's double-acting engine, working a con- 
necting-rod and crank, which turned a single paddle-wheel, 
revolving in a well-hole near the stern of the vessel. This 
engine had one horizontal cylinder, 22 inches in diameter 
and 4 feet stroke. In March 1802 Lord Dundas, Mr 
Speirs of Elderslie, and several other gentlemen, being on 
board, the Charlotte Dundas ** took in drag," says Mr Sym- 
ington, '* two loaded vessels, each upwards of 70 tons bur- 
then, and with great ease carried them through the Long 
Ileach of the Forth and Clyde Canal to Port-Dundas, a 
distance of 19^ miles, in six hours (being at the rate of 3^ 
n)iies per hour), although it blew so strong a gale right 
ahead that no other vessel on the canal that day attempted 
to move to windward." Notwithstanding this favourable 
result, the scheme was doomed a second time to disappoint- 
ment, in consequence of some of the proprietors of the 
canal becoming alarmed at the destructive effects of the 
wash of the steamboat upon the banks. The boat was 
therefore laid up in a creek of the canal, where it remained 
as an object of curiosity for several years. It may be 
remarked, that this producticm of Symington's possessed 
every necessary qualification which is considered requisite, 
even at the present day, to make a good and useful steamer ; 
and in proof of the confidence it inspired in its own time, 
we may observe that the Duke of Bridgewater actually 
ordered eight steamers from Symington for use on the 
Bridgewater Canal, to be built on the model of the ChAf 
lotte Dundas. His grace dying, however, shortly after- 
wards, this order was never executeil. 
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Wq now arrive at the period when American enter- 
prise stepped in to avail itself of the painful and laborious 
results of these costly experiments, which although made 
and perfected in this country, had not yet been turned 
to good account About a year after Symington's ex- 
periment with the Charlotte Dundas, Fulton, the Ame- 
rican engineer, made a similar though less successful ex- 
periment on the Seine, for the weight of his engine broke 
the vessel in two, and the whole went to the bottom. He 
persevered, however, and in August 1803 completed an- 
other vessel with its machinery. This boat was 66 feet 
long and 8 feet wide, but moved so slowly that his experi- 
ment is described as having been a failure. He afterwards 
came to Scotland, and saw Symington's steamboat on the 
Forth and Clyde Canal, his visit being thus recorded by 
Mr Symington : — 

" When engaged in these ezpenments I wai called upon by Mp 
Fulton, who told me he wai lately from North America, and in- 
tended returning thither in a few months, but having heard of our 
steamboat operations, could not think of leaving this country with, 
out first waiting upon me, in expectation of seeing the boat, and 
procuring such information regarding it as I might be pleased to 
lommunicate, observing that, however advantageous such an in- 
vention might be to Great Britain, it would be still more valuable 
in America, where there were so many great navigable rivers. In 
compliance with his earnest request, therefore, I caused the engine- 
fire to be lighted up, and, in a short time thereafter, put the steam- 
boat in motion, and carried him 4 miles west on the canal, return- 
ing again to the point from which we started in one hour and 
twenty minutes (being at the rate of 6 miles an hour), to the great 
astonishment of Mr Fulton and several gentlemen, who, at our out- 
set, chanced to come on board. During the trip Mr Fulton asked if 
I had any objection to his taking notes regarding the steamboat, to 
which I made no objection, as I considered the more publicity 
that was given to any discovery, intended for general good, so 
much the better; and, having the privilege secured by letters- 
patent, I was not afraid of his making any encroachment upon my 
light in the British dominions, though in the United States I was 
well aware I had no power of control. In consequence, he pulled 
out a memorandum-book, and, after putting several pointed ques- 
tions respecting the general construction and effect of the machine, 
which I answered in a most explicit manner, he jotted down parti- 
cularly every thing then described, with his own observations upon 
the boat during the trip." 

Fulton having thus obtained what information he could, 
returned shortly afterwards to America, and, in conjunc- 
tion with Mr Livingstone, obtained a patent securing to 
them the prospective advantages of steam navigation in 
America, by what they were pleased to call '* their inven- 
tion of steamboats." They very wisely got all their ma- 
chinery from England ; so that in the year 1807 the first 
steamboat in America was launched, and fitted with a pair 
of engines constructed by Boulton and Watt. 
The Cfler- This vessel, called the Clermont, though probably fitted 
mont,1807. ^I(^ superior machinery to that in Symington's boat, was 
barely so fiist, making less than five miles an hour. Her 
dimensions were 130 feet long, 16} feet beam, and 7 feet 
deep ; the boiler 20 feet long, 7 feet deep, and 8 feet 
))road; the steam-cylinder (one only) was 24 inches in 
diameter, and 4 feet stroke; burthen 160 tons. Her 
paddle shaft was of cast-iron, with no outer support be- 
yond the sides of the ship. The diameter of the paddle- 
wheels was 15 feet, the boards being 4 feet long, and 
(lipping two feet in the water. She was subsequently 
lengthened to the extent of 140 feet keel. In the begin- 
ning of the year 1808 the Clermont was placed for regular 
work on the Hudson River, between New York and Al- 
bany, a distance of 125 geographical miles, and was crowded 
with passengers, her speed after the alteri^ion being at the 
rate of 5 miles an hour. This was, therefore, the first 
steamboat that ever ran continuously for the accommoda- 
tion of passengers, and the first that ever remunerated her 
owners, and to this the Americans may justly lay claim ; 
but that Fulton was the ''inventor'' of the present system 



of steam navigation, as asserted by some American authors, Steam Na- 
cannot be admitted; nor, indeed, did he ** invent" any vigation. 
single improvement in the construction either of the ma- ^"^^v^^ 
chinery or the vessel. The success of their first steamer 
induced Messrs Fulton and Livingstone to build two other 
vessels, the Car of Neptune, of 300 tons, and the Para- 
gon, of 350 tons, also supplied witli Boulton and Watt's 
engines. 

The first person who ever took a steamer to sea was also Stevens, 
an American, R. L. Stevens of Hoboken, who had been 1808. 
associated with Livingstone previously to the connection of 
the latter with Fulton, and had brought his experiments to 
a successful issue nearly as soon. As Fulton, however, had 
secured to himself the exclusive privilege of navigating by 
steam in the state of New York, Stevens boldly took his 
vessel round by sea from the Hudson to the Delaware. 
To him are due many of the present peculiarities of Ame- 
rican steamers. He it was who first adopted the long 
stroke; the upright guides for the piston-rod; the beam 
overhead, raised on a high framework of wood, working 
above the deck ; and the connecting-rod, descending thence 
to the paddle-shafl, all characteristic of American steamers 
to the present time. He also improved the form of the 
American boats, by substituting a fine entrance and run for 
the old bluff bow and stem, as well as by increasing their 
relative length to eight or ten times the beam. Stevens is 
believed to have been the first engineer who constructed a 
*' tubular" boiler, though these did not come into general 
use till long after his time. 

Although steam navigation had been tlius early intro- 
duced on the American waters, it was not till the year 1812 
that the first regtdar passenger-steamer made its appearance 
in this country, on the Clyde. This was the Comet, built Comet, 
for Mr Henry Bell, the proprietor of the Helensburgh 1812. 
Baths on the Clyde, and who had long been a most zealous 
advocate of steam propulsion. This little vessel was 40 
feet long on the keel, and 10 feet 6 inches beam, propelled 
by a steam-engine of three or four horse-power, with a ver- 
tical cylinder, and woiiiing on the bell-crank principle — ^the 
engine being placed on one side of the vessel, and the 
boiler (of wrought iron) on the other. The Comet made 
her first voyage in January 1812, and continued to ply re- 
gularly between Glasgow and Greenock, at a speed of about 
5 miles an hour. She was propelled by two small paddle- 
wheels on each side, each wheel having four boaros only. 
She was afterwards transferred to the Forth, where she ran 
for many years between the extremity of the Forth and 
Clyde Canal and Newhaven, near Edinburgh. The dis- 
tance is 27 miles, which is stated by Mr Bell to have been 
performed, on the average, in 3} hours, being at the rate 
of above 7^ miles an hour. 

Mr Bell had on several occasions brought his projects for Tlenry 
steam navigation under the notice of the British govern- BelU 
ment, but always without success ; and it was not till the 
year 1819 that the admiralty of the day became impressed 
with the importance of steam-power for towing men-of-war, 
chiefly through the representations of Lord Melville and 
Sir George Cockbum. The first steam-vessel in the royal 
navy was then built, and was also named the Comet 
She is still in existence, and measures 115 feet in length, 
21 feet in breadth, and draws 9 feet water, being propelled 
by a pair of engines, by Boulton and Watt, of 40 horse- 
power each. 

But to return to Mr Bell's steamers on the Clyde. The 
Comet was so successful, that two other steamers, of in- 
creased size and power, were constructed ; and, in 1814, Mr 
Cook, of Glasgow, built a fourth, called the *' Glasgow,* 
which, in point of power and efficiency, became the standard 
at that time for river-steamers. The marine engines 
hitherto constructed had all been applied singlt/ in the ves- 
sel ; but in 1814 Messrs Boulton and Watt first applied i 
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condensing engines, connected by cranks set at right-angles 
on the shaft, to propel a steamer on the Clyde. This was 
found to be a great improvement, and thenceforward almost 
all steamers have been fitted with two engines. 

In the year 1815 a small vessel, with a side lever-engine 
of 14 horse-power, by Cook of Glasgow, made a voyage 
from Glasgow to Dublin, and thence round the Land's End 
to London. It then ran with passengers between London 
and Margate with some success, though encountering great 
opposition from the Thames watermen. 

In 1818 Mr David Napier, to whom we owe the intro- 
duction of British coasting steamers, as well as of steam- 
packets for our post-office service, first established between 
Greenock and Belfast a regular steam communication by 
means of the Rob Roy, a vessel of about 90 tons burthen 
and 30 horse-power, built by Mr William Denny of Dum- 
barton. For two winters she plied with great regularity 
and success between these ports, and was afterwards trans- 
ferred to the English Channel, to serve as a packet-boat 
between Dover and Calais. Soon after this Mr Napier had 
the Talbot built for him by Messrs Wood. She was 120 
tons burthen ; and when fitted with two of Mr Napier's 
engines, of 30 horse-power each, this vessel was in all re- 
spects the most perfect of her day. She was the first 
steamer that ran between Holyhead and Dublin. About 
the same time, also, he established the line of steamships 
between Liverpool, Greenock, and Glasgow, for v/liich 
traffic he built the Robert Bruce, of 150 tons, with two 
engines, of 30 horse-power each ; the Superb, of 240 tons, 
with two engines of 35 horse-power each ; and the Eclipse, 
of 240 tons, with two engines of 30 horse- power each. 
All these were established as regular coasting traders before 
the year 1822. 

In the latter year the steamer James Watt was built 
by Messrs Wood, to ply between Leith and London. She 
was the largest steamer that had yet been built, being 448 
tons measurement, and fitted with two engines of 50 horse- 
power each, by Messrs Boulton and Watt. The Soho 
followed on the same line, and was equally successful. The 
next great advance made was in 1826, when the United 
Kingdom was constructed, thb vessel having been regarded 
in her day with as much wonder and interest, from her 
(so-called) gigantic proportions, as were afterwards the 
Great Western, the Great Britain, and, more recently, the 
Great Eastern. The United Kingdom was 160 feet long, 
26^ feet beam, and 200 horse-power ; the ship being built 
by Mr Steele of Greenock, and the machinery by Mr David 
Napier. Prior to this time many improvements had been 
made in the arrangement and construction of the marine 
engine by Boulton and Watt, Maudslay and Field, Penn, 
and others of our eminent mechanical engineers ; the exr 
pansive action of steam in the cylinder having already been 
taken advantage of by Messrs Maudslay and Field in their 
engines, which were also fitted with escape-valves on the 
cylinders, and other improvements. 

The first steamer which crossed the Atlantic was the 
•'Savannah," an American vessel of 300 tons burthen. which 
arrived at Liverpool in the year 1819, direct from the United 
States, in 26 days, partly steaming and partly sailing. Being 
fitted with engines of small power, and the vessel beingother- 
wise unsuited for ocean navigation, this must be regarded 
rather as a bold experiment (and not a very successfid one) 
than as establishing the practicability of a rapid and regular 
steam communication between this country and America ; 
for it is only in the combination of these two qualities of 
speed and regularity that the steamship excels the sailing 
vessel. In 1829 the Cura9oa, an English built vessel, of 
850 tons and 100 horse-power, made several successful runs 
between Holland and the Dutch West Indies. In the mean 
time Dr Lardner and other theorbts attempted to demon- 
strate, that the navigation of the Atlantic by steam-power 



alone was impracticable; and it was not till the Sirius and the Stoam Na 
Great Western had shown the fallacy of their reasoning, that vigation. 
the public mind was disabused of this idea. The Sirius ^-"v^^ 
was not built expressly for transatlantic navigation ; she The SiriuK 
belonged to the St George Steam-Packet Company, and and Great 
had run with a good reputation between London and Cork. J^I^^"*' 
Her tonnage was about 700 tons, and her horse-power 
320. She started from London on the morning of the 4th 
of April 1838, with 94 passengers. Though first in the 
race, she was only three days in advance ; for on the 7th of 
the same month the Great Western, built and fitted at 
Bristol expressly for the purpose, followed her. The Sirius 
arrived at New York on the 22d, being 17 days clear on 
the passage, and the Great Western (sailing from Bristol) 
on the 23d, being 15 days. The Sirius again sailed on her 
homeward passage on the 1st of May, and the Great Western 
on the 7th of May, and they arrived, the first on the 18th, 
and the second on the 22d, being 16 and 13^ days respec- 
tively. The average speed of the Great Western on this 
voyage was thus 8*2 knots on her outward passage, and 
nearly 9 knots on her homeward, reckoning the distance at 
3125 knots for the one, and 3192 for the other. She con- 
sumed 655 tons of coal going out, having still 205 tons re- 
maining in her coal-boxes upon her arrival at New York. 
Coming home her consumption was 392, having 178 tons 
remaining on her arrival at Bristol. Her average daily 
consumption varied from 27 tons, with expansive gear in 
action, to 32 tons without it. As the Great Western pos- 
sesses considerable historical interest, some of her principal 
dimensions are here subjoined. She was designed and 
built by Mr Paterson of Bristol, and fitted with machinery 
by Messrs Maudslay, Sons, and Field of London. She is 
212 feet long between the perpendiculars, 35 feet 6 inches 
beam, and 23 feet 3 inches depth of hold, drawing from 16 
to 18 feet of water. Her tonnage is 1340 (builders' O.M.), 
and her engines (on the side-lever construction) are 440 
horse-power. Her cylinders are 73^ inches in diameter, 
and 7 feet stroke, making 12 to 15 revolutions per minute* 
Her complete success was doubtless mainly attributable to 
the fact, that she was especially fortunate both in her de- 
signer and in her engineers, who are still, perhaps, the most 
eminent of the present day in their respective departments. 

The practicability of transatlantic steam navigation being 
thus triumphantly established, the British Queen, the Pre- 
sident, and other large steamships, were built in rapid suc- 
cession, as well as many steam-vessels of war. 

Up to this time the paddle-wheel was the only propelling The screw 
agent employed ; but in 1837 the rival system of propelling propeller 
ships by means of the screw-propeller first came prominently *°*i^"®*^ 
into notice, through the successful experiments of Captain ^' 
Ericsson and Mr F. P. Smith. Captain Ericsson's small 
vessel, of 45 feet in length, 8 feet beam, and but 2 feet 3 
inches draught of water, towed the American ship Toronto, 
of 630 tons, on the Thames, on the 25th of May 1837, at 
the rate of 4]^ knots an hour, against the tide, as authenti- 
cated by the pilot; and also towed the admiralty barge, with 
their lordships on board, from Somerset House to Black- 
wall and back, at the rate of about 10 miles an hour. 
Later in the same year Mr Smith made some very success- 
ful trips with his small boat and screw-propeller between 
Margate and Ramsgate. The next screw-vessel was the 
Robert Stockton, built in 1839 by Messrs Laird for an 
American gentleman, who had witnessed Captain Ericsson's 
experiments. This boat was also perfectly successful ; but 
the Board of Admiralty still failed to recognise the peculiar 
applicability of this means of propulsion for vessels of war. 
The next year, however, in 1840, Mr F. P. Smitli, having 
obtained the support of some influential mercantile men, 
brought out the Archimedes, a screw-vessel of 232 tons TIm Arehi- 
burthen and 80 horse-power. The success of this vessel m^Am, 
was 80 complete, that the Admiralty were at length induced ^^^* 
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to make a trial of the screw in the royal navy, and the 
Rattler was ordered to be built on the same lines as the 
Alecto paddle-wheel steamer, and to be fitted with en- 
gines of the same nominal power. The next screw-steamer 
worthy of notice was the Dove, an iron boat, constructed 
under Mr Smith's direction. Her speed, however, proved 
so unsatisfactory to her owners, that they ordered her to be 
changed into a paddle-wheel boat ; and as it happened that 
she had been built with very fine after-lines, her constructor, 
Mr Smith, unfortunately charged her deficiency of speed to 
this circumstance, and adopted the theory that full stem- 
lines were the most advantageous for the action of the 
screw. The Rattler was now tried ; and her trials having 
fully satisfied the Board of Admiralty, they ordered the 
construction of several screw-vessels, which were all built 
with full stems. This idea having at length been proved, 
by further experiment, to be erroneous, and that, on the 
contrary, fine after-lines were absolutely required for the 
proper efficiency of the screw-propeller, so as to allow of a 
ready access and escape of the water, the whole of these 
vessels were deficient in speed, and some of them were 
altered at great cost. 

The screw had meanwhile advanced rapidly into favour 
as an auxiliary power for fast sailing vessels in the merchant 
service; and more recently it has been extensively em- 



ployed for full powered steamers of the very largest class Steam Na 
(in preference to the paddle-wheel) by several of our great vigatlon. 
mail-packet companies, the Peninsular and Oriental Com- ^^-^v*"^ 
pany taking the lead in this respect. 

The requirements of the great navigable rivers of Ame- 
rica have naturally led to the supremacy of that nation in 
the art of river navigation. The description of the large 
American river-steamer, The New World, given in another 
part of this article, as a type of her class, will be found both 
novel and interesting. 

This rapid sketch of the rise and progress of steam navi- 
gation would not be complete without referring specially 
to the wonderful development it has lately received in the 
constmction of the Great Eastem, which, notwithstanding 
a few minor defects, has undoubtedly proved herself to be a 
most efficient steamship. In addition to the interest natu- 
rally excited by the immense size of this vessel (whose pro- 
portions and performance will be given hereafter), she is 
destined to solve another problem in marine engineering, 
namely^ the desirability of combining screw-propeller and 
paddle-wheels in the same steamship. 

A statistical table is subjoined, showing the progress of 
steam navigation in the British Empire, from its first intro- 
duction in 1814, down to the most recent times for which 
returns have been received. 



Table showing the progress of Steam Navigation in the British Empire, by the Registrar- General of the 

Board of Trade, 



British Merchant^teamers built 
and registered each year. 


Total nninber of Merchant- 
Steamers belonging to the 
British Empire in each year. 


and registered each year. 


Steamers belonging to the 
British Empire in each year. 


Year. 


Stcamera 




Steamera 


Reg. Tons. 


Year. 


Steamers. 


Beg. Tona 


Stearoen. 


Reg. Tona 


1814 


6 


672 


2 


456 


1838 


87 


9,857 


722 


82,716 


1815 


10 


1.394 


10 


1,633 


1839 


65 


6,522 


770 


86,731 


1816 


9 


1.238 


15 


2.612 


1840 


77 


10,639 


824 


95,807 


1817 


10 


2,054 


19 


3,950 


1841 


54 


12.391 


856 


104.845 


1818 


9 


2.538 


27 


6,441 


1842 


67 


14.931 


906 


118,930 


1819 


4 


342 


32 


6.657 


1843 


53 


6,739 


942 


121,455 


1820 


9 


771 


43 


7,243 


1844 


73 


6.930 


988 


125,675 


1821 


23 


3,266 


69 


10,534 


1845 


73 


11,950 


1012 


131,202 


1822 


28 


2,634 


96 


13,125 


1846 


88 


17,172 


1070 


144,784 


1823 


20 


2,621 


111 


14,153 


1847 


115 


17,333 


1154 


146,657 


1824 


17 


2,234 


126 


15,739 


1848 


128 


16,476 


1253 


158,078 


1825 


29 


4,192 


168 


20,287 


1849 


80 


13,480 


1296 


167.310 


1826 


76 


9,042 


248 


28,958 


1850 


81 


15,527 


1350 


187,631 


1827 


30 


3,784 


275 


32,490 


1851 


88 


23,527 


1386 


204,664 


1828 


31 


2,285 


293 


32.032 


1852 


112 


31,792 


1414 


223,616 


1829 


16 


1,751 


304 


32,283 


1853 


162 


49,008 


1534 


264,336 


1830 


19 


2,226 


315 


33,444 


1854 


189 


66,446 


1708 


326,452 


1831 


36 


4,436 


447 


37,445 


1855 


263 


84,862 


1910 


408,290 1 


1832 


38 


4.090 


380 


41,669 


1856 


246 


58,621 


1950 


417,717 


1833 


36 


3.945 


415 


45,017 


1857 


237 


53,898 


2132 


463,966 


1834 


39 


5,766 


462 


60,735 


1868 


168 


55,844 


2239 


488,416 


1835 


88 


11.281 


538 


60,520 


1859 


158 


39,071 


2239 


472.764 


1836 


69 


9.700 


600 


67,969 


1860 


211 


55,742 


2337 


600,144 


1837 


82 


12,147 


668 


78,288 








1 



It should be observed that the "register" tonnage here 
given is exclusive of the tonnage of the engine-room, which 
in a well-powered steamer generally amounts to one-half, or 
more of the registered tonnage. An addition of one-half 
should therefore be added for the gross tonnage of this 
table. To take an example. The Shannon* West India 
mail packet, has 

Register tonnage 2187 24 \ 

Engine-room do 1284*57 l H. 776, 

Groii do 3471-81 J 

The horse-power (nominal) averages about one-third of 
the register tonnage ; so it may be fairly assumed that this 
country now possesses (in 1860) a fleet of 2150 merchant- 
steamers, having an aggregate gross tonnage of 670,000 tons, 
and a nominal horse-power of 165,000 horses. 

The steam navy of this country consists at present of 



a'oout 468 vessels, having an aggregt^te tonnage of 470,000 
tons, and a nominal horse-power of 1 10,000 horses. 



StMmships afloat (185e> 


Bailding or 
ConTortlng. 


ToUl. 


Ships of the Line 

Frigates 


Screw. 
33 
19 

9 

4 
38 

3 

26 

161 

8 

4 
13 

1 


Paddle. 
9 

35 
24 

36 
2 

4 


Screw, 

16 

6 

9 

1 


49 
34 

9 

4 

82 

27 

26 

162 

8 
42 
15 

5 


Block Ships 


Mortar Ships 


Corvettes and Sloops .. 
Small Vessels 


Gun Vessels 


Gunboats 


Floating Batteries.... 
Tenders, &c 


Troops & Store Ships . 
Yachts 


Total 


319 


112 


32 


463 
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In constructing a steam- vessel three things require to be 
8(>ecially considered, each of which is a sufficiently com- 
plex study in itself; namely, the ship, the engines and 
boilers, and the propeller. To combine these in such a 
manner as to produce a perfect whole is one of the most 
difficult problems of modern engineering, demanding at 
once the theoretical attainments of the natural philosopher, 
and the laboriously acquired knowledge and shrewd saga- 
city of the practical mechanician. As the limits of this 
article must preclude the pursuit of theoretical investiga- 
tion, it is proposed to confine it almost exclusively to the 
practical part of the subject, and to a record of the results of 
actual and approved performance. 
The marine The marine steam-engine, although acting on the very 
same principles as the ordinary land condensing-engine, 
and providea with the same integral parts, differs from it 
essentially in the particulars of weight and form, being ne- 
cessarily made as light, and as compact, as possible. These 
requirements throw many obstacles in the way of the ma- 
rine engineer which are not encountered on shore, botli as 
regards the engines and boilers ; and his difficulties are 
increased by the stem necessity which exists on board 
ship for the utmost economy in the consumption of fuel, 
the value of which is there immensely enhanced. 

The oldest type of the marine-engine is the side-lever 
variety, which, till within the last ten or twelve years, was 
almost universally employed in steamers ; and which is, in- 
deed, still preferred for paddle-wheel steamers by at least 
two large mail-packet companies — viz : Cunard's and the 
West India Mail Company {(iq. 2). There are several 



Side-lever 
engines. 




Fig. i. 
Side-lerer Engine. 



paxi reasons why this form of engine should be thus 
favoured. In the first place, the working parts are well 
balanced on either side of the main centre (c, fig. 2 ), so that 
the engine will stand in any position without the piston 
having a tendency to fall by its own weight, thus enabling 



the crank to be kept in the most advantageous position for 
giving prompt motion to the shaft immediately that the 
engine is started. Direct-acting engines are oflen very 
troublesome in this respect. Another advantage of the 
parts being nicely balanced is, that the engine works with 
little friction, and consequently less strain, and wear and 
tear of the brasses and moving uarts of the machinery. 
Hence the side-lever engine is very economical in main- 
tenance and repairs, as well as in the quantity of oil and 
tallow required for lubrication, no mean item in the ex- 
penditure of some engines. Again, this form of engine 
admits of a good long stroke and connecting-rod, by which 
means the steam may be used to best advantage in the 
cylinder, while, at the same time, the thrust of tlie piston 
is transmitted to the crank in the most equable and effect- 
ive manner. Many pairs of side-lever engines are still 
doing their work well, after more than twenty years' ser- 
vice, and have cost less for repairs than most direct-acting 
varieties in half that time. 

But although it may be quite true that side-lever engines Direct- 
are thus economical in their working, it does not nece&sa- acting 
rily follow that they are the best form of engine for pas- engines 
senger-steamers. On the contrary, when we consider the 




Fl;^l 
Direet-aeting Englnet in Gorgon, &e. (Seaward.) 

value of space and weight in a first-class merchant-steamer^ 
it appears probable that they are really more expenuve 
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Fiff. 4. 
Direet-aetiny Eiif inM in Voltare,&e. (Fairbairn.) 

engines wliich have now so generally come into use, and hy 




Fir. ft. 

Direct-aetinc Enffinet for shallow dranght (Maudilay and Field.) 

employing which we may save at least 20 feet in the 
length of the engine-room, and 
100 tons of displacement, in 
engines of 500 nominal horse* 
|)ower. Direct-acting engines, 
being susceptible of great va- 
riety of form, have assumed as 
many different shapes as there 
are manufacturing engineers 
ready to invent, adapt, or distort 
them, as the case may be ; and 
the now very genend use of 
the screw-propeller has, of 
course, varied and modified 
these forms still more, In 
the merchant service, the 
height of the machinery is 
not of much moment, provided 
only that it does not raise the 
centre of gravity of the vessel 
too high ; but in the steam- 
navy it is considered essential 



that the whole of the engines and boilers should (if pos- Steam Na- 
sible) be kept under the water-line of the ship, as a protec- vigation. 
lion from shot ; which, in the case of screw- vessels, is now V^^*^/^^ 
generally accomplished (see fig. 15). 

Direct-acting paddle-wheel engines may be classed under Varieties, 
four heads ; namely, those which preserve the parallelism of 
the piston-rod by means of the system of jointed rods called 
a parallel motion (figs. 3 and 4) ; those which use guides 
or sliding surfaces for this purpose (figs. 5 and 7); os- 
cillating engines (fig. 6), in which the cylinders are hung 
uj)()n pivots, and follow the oscillations of the crank ; and 




Fig. 7. 
Direct Double^jlinder Enginet, cuiuble for largo power. (Mmadtilay.) 

those denominated *' trunk-engines" (fig. 8), in which i 
hollow cylindrical trunk is attached to the 
piston, and passes, steam-tight, through 
the cylinder cover. Several of these va- 
rieties have their distinctive appellations, 
being known as the " steeple-engine" 
(which is a favourite form on the Clyde); 
Maudslay's double-cylinder engine (fii;. 
7); the annular-piston engine (with two 
piston-rods) ; tlie atmospheric enjrinc ; 
the combined-cylinder engine (Plates 
XXI. and XXII.) ; and several others. 
As verbal description is of little value 
in making these forms intelligible to 
the reader, sketches of the more charac- 
teristic of them are subjoined, as well as 
detailed plates of approved examples (see 
Plates). These engines are generally 
made with two cylinders, but in the case of screw-engines 
there are sometimes three, and sometimes four cylinders 




Fig.Sw 




VIg. 6.— Oseillating Paddle-wheel Engines in the Great Enntem. (J. Seott Rnstell.) 
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Tigation.^ verted, horizontal, and inclined. 

Screw-engines are made either with or without gearing. 
The use of geared wheels intervening between the engine 
and the propeller admits of a slow speed of piston with a 
high velocity of screw, and is so far beneficial, but in prac- 
tice there are several disadvantages attending it. 





noise, from which there is no escape on board-ship. In Steam Na- 
steam-vessels of war it is difficult to keep the top of the vigation. 
large wheel sufficiently low, while at the same time their ^^*v*^^ 
draught of water admits of the use of a screw of great 
diameter and pitch, by which means the necessary speed 
may be obtained for the ship without unduly increasing the 
velocity of the piston. Hence there are comparatively few 
geared screw-engines in the Royal Navy. In the case of 
full-powered screw- engines in the merchant service, the 
use of gearing is generally found to be necessary (fig. 10)^ 



Fir. 9. 

Horixontal Sorew-engine (Direct), adapted for the Kojal Nary, &e. 

The driving-wheel is necessarily very large and cum- 
brous, while the wooden teeth with which it is fitted are 
subject to unequal wear, and are liable to be " stripped," 
or broken off, by a sudden stroke of the sea upon the screw. 
Their revolution is also attended with a loud rumbling 




Fiff. la 

Vertieal Sorew-englne (Geared), adapted for the Merehaot SerTloe. 

but it may be advantageously dispensed with wherever the 
power of the engines is not calculated to give a very high 
speed to the ship. The velocity of piston in actual use in 
different classes of steamers will be hereafter noted. 



The following {Figs. II to 16) are other examples of Screw- engines : 




Fif. IL— «• Trank »» S«reir-engine, Direeu 




Fif. Ik— Horixontal Cylinder Screw-Engine, Geared. 




^^^in 



Fig. I'i.— OscillaUngCylinder Screw-engine, Direct. 





Fig. 18w— Double Piston-rod Screw-engine, Direct. 



FIj. lA.-Screw-enginei in the Royal Nary, Direct, 
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Fig. 16.— Servw-enginM In tbe Eojal Nary, Geared. 



The cylinder of the steam-engine, being that portion of 
the machine in which the power is developed, must be 
considered as its principal member. Upon its dimensions 
depend, in some degree, the size of all the other parts of 
the engine, as well as its reputed powers, being called an 
engine of 100 or of 200 horse-power according to the dia- 
meter of the cylinder, modified to a small extent by the 
length of the stroke. This, called the nominal horse-power, 
is obtained by the formula — 

„ p Area of cylinder x efTective preeaore x speed of pitton 

— 33,000. 

In this formula the area of the cylinder is taken in square 
inches ; the ** eflTective pressure " is assumed at 7 lb. (by 
some makers at 7^ lb.) to the square inch ; and the speed of 
the piston (according to the arbitrary rule adopted by the 
admiralty), is presumed to vary with the length of stroke, 
as shown in the following table : — 



stroke. 


Speed ofplstoo. 


Stroke. 


Speed of piston. 


Ft. In. 




Ft. In. 


Ft. per min. 


3 


180 


6 


221 


3 6 


188 


6 6 


226 


4 


196 


7 


231 


4 6 


204 


7 6 


236 


5 


210 


8 


240 


6 6 


216 


9 


248 



It is at once apparent that the power thus calculated 
cannot be the real power of the engine, since it is wholly 
irrespective of the pressure of steam in the boiler, the per- 
fection of the vacuum in the condenser, the actual number 
of reciprocations of the piston, and the varying loss by 
(riction depending upon good or bad workmanship, and the 
general plan of the engine. For the sake of convenience, 
however, the nominal horse-power is still retained, since it 
defines, with tolerable accuracy, the actual size of the 
engine, and its commercial value, in so far as the latter is 
dependent upon the dimensions of the cylinder. To re- 
medy, in some degree, the uncertainty attending the use of 
this term, it is now becoming usual for the purchaser of a 
steam-engine to insert a clause in his contract, binding the 
manufacturer to show a certain s|)ecified amount of indi- 
cated horse-power. 



The indicated horse-power of an engine is obtained by Indicated 
the aid of a valuable little instrument called an indicator, '"O"*' 
consisting mainly of a small cylinder placed in connection P®^*'* 
with the cylinder of the engine, both above and below the 
piston. This little cylinder is open at the top, and is fitted nescrlp- 
with a piston which presses against a spiral spring. The ^j°^^j;* 
cock which connects the indicator with the cylinder of the 
engine being opened, steam is admitted under the piston of 
the indicator during the one stroke, and vacuum during 
the other, precisely as in the large cylinders; thus causing 
the little piston to push and pull alternately against the 
spiral spring. If the pressure were uniform throughout the 
stroke, the indicator-piston would start at once from top to 
bottom, and vice versd, remaining stationary until acted 
upon by the opposite pressure; but since the pressure 
within the cylinder of a steam-engine is constantly varying 
during every portion of the stroke, it follows that the pres- 
sure on the spiral spring of the indicator, and the corre- 
sponding movement of the indicator-piston, must be 
variable too. If a pencil be fixed to the piston-rod of the 
instrument, it will register the fluctuations of pressure upon 
a piece of paper held close to it ; but unless some provi- 
sion be made for allowing the pencil a clear space on the 
paper at each successive instant of time, it will only move 
up and down in the same vertical line, and the markings 
due to fluctuation of pressure will be undistinguishable. 
To obviate this, the paper receives a circular motion in one 
direction during the down-stroke of the piston, and a re- 
versed circular motion during the return-stroke, the result 
being that, as the pencil moves vertically up and down, a 
continuous curved or sloping line is traced on the paper. 
By this line an oblong space is inclosed, called the indi- 
cator-figure, card, or diagram, the vertical ordinates of 
which will then represent the effective pressiu'es at the cor- 
responding portions of the stroke, anu their mean length 
will therefore indicate the average pressure in the cylinder 
during the whole period of the stroke. 

To find the indicated horse-power, therefore, we must Indicated 
take the area of the cylinder in square inches, multiply it *"^ *^®*^' 
by the average pressure as found from the indicator-figure, pj^er?"*' 
and again by the actual number of feet through which the 
piston is travelling per minute ; when the product, divided 
by 33,000, is the indicator or gross horse-power of the 
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Btetm N». engine. This must not be confounded, however, with the 
Tigation. effective power of the engine, or that actually available for 
^•^•V^ ^6 purpose for which the engine is used. To obtain this, 
a considerable deduction (about 25 per cent, it is believed) 
must be made for the friction of the moving parts, and for 
the power required to work the valves, air-pump, feed and 
bilge pump, &c. ; but as this would be nearly alike for all 
well-constructed engines of equal power, and no ready 
means exist for testing it, the gross or indicated horse- 
power is taken its the measure of the power in all ordinary 
cases. 



An example of a set of indicator-diagrams (fig. 17) is sub- Steam Ha- 
joincd, to show the manner in which they are usually worked vigatlon. 
out; and it will be seen that, in this instance, a pair of engines ^^**v^^ 
of 500 nominal horse-power were actually exerting an in- Proportion 
dicated horse- power of more than 2000 horses, or four times of indicated 
the nominal. This may be taken as the usual proportion ^ nominal 
now existing between nominal and indicated horse-power ^"^ 
in modern engines by the best makers, while using steam ^ 
of from 15 to 20 lb. pressure ; but the average performance 
of existing engines is still very much below this, not ex- 
ceeding from 2 to 2*5 times the nominal horse-power. . 



IndiccUor-Diagrams taken from Screuhengines of 500 horse-power^ by RavenhiUy SalkeH and Company. 

(Steam in Boilers 20 lb.) 





i'ig. 17. 



Calculation 
for finding 
Ind. H. P. 



Steam 11*7 

Vacuum 9*2 

Top stroke 20-9 



aa-s) 



0-2 ( 9-8) 
(136) 



Bottom (23-3) 



8959-2014 X 881x21-904 
83,000 



Ind. B. p. of 

both enginea. 

: 1001*248 H. P. X 2 = 2002-496. 



Indicated 
horse- 
power 
depends 
mainly on 
the boiler. 



Diameter of Cylinder 71 inches. 

Length of stroke 3 feet. 

Indicated pressure (mean of 6 experiments) 21*904 lb. 

Mean number of revolutions per minute 63}. 

The size of the boiler is obviously a very important ele- 
ment in determining the indicated horse-power of an engine, 
inasmuch as the speed of the piston (or the number of revo- 
lutions per minute) depends mainly upon the supply of 
steam from the boiler. The power of an engine may thus 
always be increased by adding to the size of the boiler, pro- 
vided the steam-passages are large enough to admit of the 
increased flow of steam without its becoming throttled or 
'* wire-draWn." A large boiler, however, implies a large 
consumption of coal as a necessary attendiant upon any in- 
crease of power in the engines, or velocity in the ship ; so 
that in practice it is generally found inconvenient for sea- 
going steamers to urge their engines to the utmost duty of 
which they are capable, as tending to limit the distance 
which it is possible to run with a definite weight of coals. 
Hence it follows, that while vessels making short runs 
(such as the Holyhead packets) will show an indicated 
horse-power of four, or even five times their nominal, a 
transatlantic steamer cannot afford to do so, although her 
engines may be equally efficient. 

The dynamometer is an instrument used to measure the 
force actually expended in propelling the vessel ; or, in 
other words, for showing the effective horse-power of the 



Speed of the vessel at % mean draught of 24 ft. 9} in.. . .10 897 knota. 

Mean of forward engine .' 22*1 lb. 

„ after engine 22*4 „ 

Mean of both engines 22^ lb. 

engines. It is fitted occasionally on board of a screw- 
steamer, tlie thrust of the propeller being transmitted 
through a series of levers to a Salter's spring-balance ; but 
it is difficult to obtain true indications from this instrument, 
which is liable to many disturbing influences. There is a 
fixed dynamometer at some of H.M. dockyards, by means 
of which the pull of any steamer, whether paddle or screw, 
may be obtained in tons. 

It will be understood, from what has been already said, Velocity q^ 
that the speed at which marine engines .are driven b very piston, 
various, and also that it is liable to vary (even in the same 
vessel) according to circumstances ; such as the steaming 
capacity of the boilers, the necessity for economizing fuel, 
and the dimensions of the paddles or screw. Apart from 
the proper or ''calculated" speed, there is of course the 
additional consideration of the variable trim of the vessel, 
and the undulations of the sea, which affect the speed of the 
engines by throwing more or less work \x\yon them, in pro- 
portion as the propelling agent is deeply or lightly im- 
mersed. The subjoined tables will convey some idea of the 
velocity at which pistons are driven (under the most fiivour- 
able circumstances of trim) by some of the principal marine 
engineers of the day : — 
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BtMin Ka- 
▼igation. 



NftmeofYeMttL 



Oreat Eastern 

Delta 

Great Eastern 

Shannon 

Mersey 

Ceylon 

Colombo , 

Atrato 

Pera 

Oneida 

Tamar 

Prince Consort 

Agamemnon 

Mohawk 

Esk 

Arrogant 

Princess-Royal 

Simoom 

Conflict 

Duke of Wellington 

Highflyer 

Daaotless 

Fairy 

Sharpshooter 

Rifleman 

Rattler 



Makers of the Maehiiiery. 



Watt 

Penn 

Scott Rnssell 

R. Napier 

Maadslay and Field . 

Humphrys 

R. Napier 

Caird 

Rennie 

Inglis 

Penn 

Scott Russell 



Diameter 

of 
eylinder. 



Inehei. 
84 
72 
74 
97 
60 
72 
72 
96 
76 
82 
72 
80 



Lenrth 
stroke. 



ft. in. 



Rerola- 
tions p«r 
minate. 


Speed of 
pistoo in 
ft. per min. 


Revols. 
60 


Feet. 
400 


25 


860 


12 


336 


18 


326 


30 


300 


60 


300 


26i 
16 


291-6 
270 


32 


266 


26 


234 


46 


231 
226 



How propelled. 



Speed ofPUtoM in Government Screw- Steamers. 



Penn 

Hamphrys 

Scott Russell 

Penn 

Maudslay and Field ., 

Watt 

Seaward 

R. Napier 

Maudslay and Field .. 

R. Napier ^ 

Penn 

Miller and RaTenhill . 

RavenhUl 

Maudslay and Field .. 



701 


3 6 


60 


420 


42J 


2 2 


88 


381 


60 


2 9 


68 


374 


66 


3 


61 


366 


64 


3 


68 


348 


43f 


3 


66 


330 


m 


2 


70 


280 


94 


4 6 


30 


270 


66J 


2 6 


63 


266 


84 


4 


81 


248 


42 


3 


40 


240 


46 


3 


38 


228 


34 


2 9 


36 


198 


m 


4 


25J 


204 



Screw, direct. 

Paddle, feathering floats. 

Do. common. 

Do. 

Do. 
Screw, direct. 

Do. geared. 
Paddle, feathering. 
Screw, geared. 

Do. do. 
Paddle, feathering. 

Do. do. 



Trunk* direct. 
Horisontal, direct. 
Oscillating, direct. 
Trunk, direct 
Horizontal, direct. 
Oscillating, direct. 
Horizontal, direct. 
Horisontal, geared. 
Horizontal, direct 
Horisontal, geared. 
Oscillating, geared. 
Horisontal, geared. 
Oscillating, geared. 
Double cylinder, geared. 



All the merchant-steamers in this table have a speed of above 13 knots, and the grovernment steamers of 10 knots. 



Some of these speeds are nearly twice as great as would 
be sanctioned by the table previously quoted as embodying 
the practice of James Watt ; and although, theoretically 
speaking, there may be no objection to such high velocities, 
they are inconvenient in practice, from the tendency of the 
working parts to heat by the friction, from the rapid wear 
of the partSy and tlieir increased liability to accident or de- 
rangement 

Although engineers are perfectly agreed as to the supe- 
rior advantages of a long stroke for their engines, it will be 
seen by the preceding table how rarely in the case of screw- 
engines this desirable object can be accomplished. The 
cause of this is, that the pilch of the screw-propeller (by 
which term is implied the linear advance maae by the 
screw during one complete revolution, supposing it to be 
working in a solid), cannot be effectively increased beyond 
a certain proportion, depending upon the diameter of the 
screw; and as the latter is necessarily limited by the draught 
of water, it follows that the only available means for aug- 
menting the linear advance of the screw is by increasing the 
number of revolutions. For each revolution of the screw 
two journeys of the piston (in a direct engine) are required, 
and to enable this to be done within the required time, the 
strokes must be short The chief disadvanti^s attending a 
short stroke are the more frequent recurrence of the ''dead 
points" of the crank (when the piston arrives at the top and 
bottom of the cylinder), at which times much of the mo- 
mentum of the moving parts is destroyed, and a jerk ensues 
in the engine ; and the loss of a certain quantity of steam 
contained within the cylinder ports or passages at each 
stroke, which does not exert a direct pressure on the piston. 
It is natural to suppose, also, that short-stroke engines do 
not derive so much benefit from expanding in the cylinders 
as those having longer strokes. 

Another desideratum for all kinds of steam-engines is a 
bng connecting-rod, as tending to diminish the angular 



strain thrown upon the main crank, and thus avoid the loss Long and 

of power arbing from unnecessary friction. This action is ^^^^ con- 
necting- 
rods. 




Fiff.lS. 

made apparent by the accompanying sketch (fi^. 18), in 
which a o represents a long connecting-rod, and a b & short 
one, their relative efficiency varying as the angles a, b, c, 
and a, 6, c. The defects of a short connecting-rod be- 
come sensible in practice by greater liability of the bearings 
to heat, by an increased wear of " brasses" and packings, 
and a larger consumption of oil for lubricating. 

The cylinder of a steam-engine is never allowed a full Cutting ofl 
measure of steam from the boiler, this being shut off at some J**® "team 
part of the stroke according to the power it may be desira- {"q^^® *^' 
ble to exert. A certain quantity of steam, varying gene- 
rally from i to ^ of the contents of the cylinder, is always 
excluded by the slide-valve, which is made to close the 
steam-port before the end of the stroke. In most engines 
a further amount of steam is excluded by means of a sepa- 
rate valve, called the expansion-valve, which is so arranged 
that it may " cut off ",the steam, or prevent a further supply, 
at any desired point, according as it may be wished to econo- 
mize fuel, more or less, at the expense of velocity. Thus, 
some engines are worked with f of a cylinder full of steam 
to each stroke, some with ^, and others with only ^ ; or the 
same engine may be worked successively at the different 
'* grades of expansion " corresponding to these quantities. 
This is called '* working expansively," because the portion 
of steam thus shut in continues to expand in volume, and 
to give out elastic force, to the end of the stroke. 



124 



STEAM SHIPS. 



den. 



Expansion 
can be 
rarely 
pushed to 
its extreme 
limits. 



Steam Na- Two advantages arise from cutting off the steam in this 
Tigatlon. way. Firstly, it allows the stroke to be completed under 
^^••■V*^^ a diminished pressure, so that the piston comes gently to 
Advan- rest at the top and bottom of the cylinder, without impart- 
tages of ing a destructive jar to the machinery ; and, secondly, it is 
*teMat*"^ economical of power (or, which is the same thing, offuel), 
the cylin- since it is found that the force actually exerted upon the 
piston by the isolated sream, during its expansion into 
the increased volume as the piston descends in the cyHn- 
der, is considerably greater than that due to the simple 
pressure of the same weight of steam acting at a uniform 
density. 

It is found by calculation that when the steam is cut off 
at i stroke, seven- tenths of the power already exerted in 
the cylinder is added by the subsequent expansion of the 
steam; when cut off at ^, 2*1 times the power is added; 
and when cut off at J, 2*4 times nearly. According to the 
usually-received natural law regulating the pressure and 
elasticity of steam, it is assumed that the pressure is in- 
versely proportional to the vohime of the steam after it has 
expanded into the increased bulk, or, in other words, that 
when the steam has expanded to twice its original volume 
its pressure will be reduced one-half; when it has expanded 
four times its volume, the pressure will be }th, ana so on. 
The pumping-engines in Cornwall, which do their work so 
very economically, use steam of about 40 lb. pressure, cutting 
it off in the cylinder after ^th or even Jth part of the 
stroke has been made, the remaining }ths being performed 
wholly by expansion. 

It is very seldom, however, and that only when special 
means are provided for this purpose, that the principle of 
expansion can be beneficially carried out in marine engines 
to an extent nearly approaching that just mentioned. It 
is a well-known property of all gaseous fluids, steam 
included, that any expansion of volume is necessarily 
accompanied with the loss of sensible heat, which is 
taken up in the latent form by the expanded gas or vapour. 
Hence, when the steam expands under ordinary circum- 
stances within the cylinder of a steam-engine, a portion of 
it is compelled to part with its latent heat, to enable the 
rest to retain the gaseous form. This portion of steam, 
therefore, condenses into water of the same temperature, 
which forms a thin film over the interior surface of the 
cylinder. When the return stroke begins, and the watery 
lining of the cylinder is brought into connection with the 
condenser, it rapidly evaporates into steam of low tension. 
This steam, besides vitiating the vacuum, acts still more 
injuriously by robbing the cylinder of the heat which it 
required for evaporation ; when the metal of the cylinder, 
being thus lowered in temperature, condenses the steam, 
u{X)n its re-admission, to a serious extent. Thus it happens 
that the principle of expansion, when carried out to any 
great extent in cylinders which are only " clothed" in the 
usual way, has so frequently failed to realize the expected 
economy of fuel ; and this has been most unjustly charged 
to a defect in the principle of expansion. 

In the case of the Cornish engines already mentioned, 
where the steam is expanded to eight times its volume 
with known advantage, the cylinder is invariably surrounded 
with a '* jacket*' kept well supplied with dense hot steam 
from the boiler, by which means it is retained at a high and 
nearly uniform temperature during the entire stroke ; and 
to this steam-jacket it is mainly due that so remarkable an 
economy attends the use of ex()ansion in Cornwall. The 
cylinders of a marine engine, on the other hand, are pro- 
tected from radiation by a clothing of felt and wood only ; 
but in the few instances where a steam-jacket has been 
Advan- applied, the most beneficial results have followed. 
**^* **h t Another mode by which the expanded steam may be 
*nff*t'he** protected from condensation in the cylinder is by previously 
•team. imparting to it an extra dose of heat beyond that due to its 



Advan- 
tage of a 
steam- 
jacket. 



pressure, or, in other words, by "superheating" it It is Steam Na- 
apparent that this extra heat becomes available for the vigation. 
supply of the latent heat demanded by the expanding steam, ^^••v^*^ 
which is thus saved from premature condensation. 

In order to derive the utmost benefit of which the prin- Conditions 
ciple of expansion is capable, it is necessary that the initial under 
pressure ot the steam should be considerable, that it should j5f ^*^ 
have plenty of space to expand into, and that the cylinder ^^ ^°^ * 
should be maintained at a high temperature. These con- g|oQ ,^y 5. 
ditions would seem to imply the use of a large jacketed obtained, 
cylinder of sufiicient strength to bear the high initial pres- 
sure. As such a cylinder, however, would be very heavy 
and cumbrous, the plan has been occasionally adopted of 
using two cylinders in which to utilize the steam, namely, 
a large and a small one. In this case the high-pressed steam 
from the boiler is admitted into the small cylinder only, 
and after expanding in that to twice or three times its 
volume (by which its pressure is reduced to one-half, or 
one-third), it is then admitted from the small cylinder into 
the large one, where the expansive process is finally com- 
pleted under the most favourable circumstances. 

This combination, called the combined-cylinder engine, Combined 
has of late been brought prominendy forward by the en- cylinder 
gineering firm of Randolph Elder and Co., of Glasgow. ®°8i"«»* 
Plates XXI. and XXII. represent the engines of the 
steamers Callao, Lima, and Bogotd, made on this principle, 
and which have attracted much notice by their remarkable 
economy of fuel. Their principle dimensions will be after- 
wards given with the description of the plates. They were 
thus described by Mr Elder at the late meetings of the 
British Association — " These engines are constructed with 
the view of getting the greatest amount of power from a 
given quantity of steam at a given pressure, with less total 
weight of engines, boilers, and water, and occupying less 
total space than is found in the ordinary class of steam- 
engines on board of steamships. To accomplish these 
objects the following construction of engine has been 
adopted : — The cylinder capacity is so great as to admit of 
the steam being expanded to within 2 lb. of the pressure 
in the condenser at the end of the stroke, while the engines 
are working full power. In order to reduce the violent 
shock of steam at 42 lb. pressure on such a large piston, a 
cylinder with a piston one-third of the size is placed beside 
it. This small cylinder receives the steam direct from the 
boiler during one-third of its stroke, after which it is cut off. 
This steam is consequently reduced to one-third of its 
original pressure, or to 14 lb., at the end of the stroke, and 
it then enters the second or larger cylinder. Here it is 
expanded three times more, or down to 4f lb. Thus, the 
steam at 42 lb. is expanded to 14 lb. in the first cylinder, 
at which pressure it enters the second cylinder, and is 
further expanded down to 4f lb. ; but as the second piston 
has three times the area of the first, the load will be the 
same on both pistons, and the piston-rods, cross-heads, and 
connecting-rods may be the duplicates of each other." The 
steam is superheated in the boilers to about 360°, and the 
cylinders are steam -jacketed and clothed with felt and 
wood. The feed-water is heated before entering the 
boilers. It is stated that, although the engines worked with 
superheated steam, this was found inadequate to prevent 
condensation in the cylinders without the use of the steam- 
jackets in addition, the indicator diagrams taken from these 
engines showing a marked increase of power resulting from 
a free use of the steam-jackets, the supply of steam to which 
may be modified at pleasure. 

These vessels ha^fe all shown a minimum consumption of Economy 
from 2 to 2^ lb. of best Welsh coal per indicated horse- o^ ^'^'I i" 
power per hour, their speed being at the same time 12^ ^^^^^ 
1 3 knots, which must be considered a very satisfactory ^^^ 
result. Their consumption of coal at their usual working 
trim is about 3 lb. per indicated horse-power, the vessel 
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Bteam Na- making 1 1 knots ; whereas the more usual consumption of 
TigatloD. modern marine engines varies from 4 to 5 lb. per indicated 
^*-"^/*"^ horse-power per hour, and the average consumption of all 
classes cannot be less than 6 lb. 

It is not contended, however, that the system of expand- 
ing in two cylinders is essentially requisite towards the 
attainment of a great economy in the consumption of fuel, 
and there are many instances of single-cylinder engines in 
which the same beneficial results have followed a like judi- 
cious combination of means and appliances for this purpose. 
A case in point is supplied by the recent performances of 
the steamship Thunder, a vessel fitted with machinery of 
much the usual kind, by Messrs Dudgeon of London. 
Although supplied with steam of only 14 lb. pressure, her 
engines do not consume more than 2} lb. of coal per indi- 
cated horse-power per hour, the vessel making 13 knots. 
Her machinery is represented by Plates XIX. and XX., 
and will be found fully described at page 140. An indi- 
cator-diagram from her engines b here subjoined (fig. 19). 
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Fig. 191 

8crew-st«amer Thunder. — 3d Nov. 1859. 

Forward Engine,— With iuper-heated tteam and expantion, 

Bteam in boUer 13 lb. 

Pyrometer on superbeater 350 deg. 

Number of re volutions 60 

Diameter of cylinder 55 Inches. 

Stroke 36 „ 

Indicated horse-power, each cylinder, with 

expansion = 348 

Economy It may be stated that a consumption of 2} lb. of coal per 
jf fuel in indicated horse-power per hour would represent in Corn- 
steamer wall a " duty" of about 90,000,000 of pounds raised 1 foot 
Thunder, ^jgi^ j^ ^^ y^^^^ ^^ ^ jj^^j^^j ^^^ g^ ,^ j ^^ ^^^j^ ^j^.^.j^ .^ 

considered economical working even for a Cornish engine. 
The success achieved in the case of the Thunder appears 
to be due to the conjunction of the following good qualities 
in the machinery — viz., a perfect command of steam in the 
boilers, tlie superheating and expanding the steam in 
"belted" or jacketed cylinders, and the allowance of an 
unusually large inlet and outlet for the steam by the main 
valves. 
Economy Another example of unusual economy in the consumption 
of fuel in of fuel has been recently shown in the auxiliary screw- 
Omeo. steamer Omeo, fitted with engines of 100 nominal horse- 
power, by Messrs Morrison of Newcastle. These engines 
use steam at 60 lb. pressure, which is expanded to a large 
extent in single cylinders, and afterwards condensed in the 
usual way, the cylinders being surrounded with steam- 
jackets. The engines work up to 426 indicated horse- 
power, while driving the ship at 9 knots, and burning only 
2'4 lb. of coal per indicated horse-power per hour. As the 



use of high pressure steam necessarily implies a boiler of Steam Na- 
corresponding strength, the Omeo's boilers are cylindrical, vigation. 
with ** coned" furnaces and upright "coned flues," fitted ^^'•v^^ 
with a superheating chamber on the top. The employment 
of steam of this high tension, however, is not to be recom- 
mended for passenger-steamers. 

The question of economy of fuel is of vital importance Importance 
even in a national point of view, as affecting the mainten- of **>« <!»«■" 
ance and extension of some of our great postal lines of ocean **®** ^^ ®*^ 
steamers, and it is now receiving a large share of attention f^^ ^ 
both from steamship owners and engineers. The subject 
naturally divides itself into two heads-*the production of 
steam in the boiler, and its subsequent employment in the 
engine. 

1st, The Boiler, — It is a material point towards economi- The boiler, 
cal working that the boiler should be large enough to ensure 
a constant command of steam without the necessity for Forcing the 
"forcing" the fires, or continually stirring them up. This fires is ex- 
acts prejudicially in more ways than one. In the first P®"*1^« o^ 
place, each time that the fire-door is opened the cold air^**®^' 
rushes in through it, and mixing with the hot gases in the 
furnace, checks their perfect combustion, at the same time 
that it robs the interior of the boiler of much valuable heat. 
Again, if the boiler be deficient in heating surface, the fires 
must be kept thin, to promote rapid combustion ; and as 
these fires are specially liable to "burn into holes," a 
quantity of cold air enters the furnace through them, and 
the same cooling effect is produced in the flues and passages. 
It may be also remarked that, however desirable it may be Smoke- 
to " burn smoke" by admitting air into the furnace above ^ara^ng 
the bars, it is seldom an economical process, and if "<'.* ««>no- 
not managed with great caution, is apt to become very™^^ 
much the reverse. The best practice seems to be to admit 
a definite small quanity of air to the fires through perforated 
fire-doors of the common construction ; those complicated 
doors fitted with Venetians, or other contrivances, for open- 
ing and closing the apertures, requiring too much attention 
from the firemen to be practically useful, besides adding to 
the weight and expense of the doors. Again, the natural 
consequenoe of stirring the fire too much is, that a large 
quantity of small coal and cinder falls through the bars into 
the ash-pit, and as the boilers cannot supply the constant 
demand for steam unless the firei are kept bright and 
active, these cinders cannot be re-burned, for fear of check- 
ing the formation of steam. They are thrown overboard, 
therefore, with the ashes, and a heavy expense is incurred. 

It may be thought by some persons that stoking is a Stoking is 
mere mechanical operation, easily acquired by the com- ^o* • ™«'^® 
monest labourer ; but this is a great and vital error, which ™ecJ»*^i<»l 
generally costs steamship owners many thousand pounds ^^P**^* 
before they find it out. The stokers, in fact, may be wast- 
ing coals by the ton at the furnaces of the boilers for want 
of proper supervision, while the engineer is straining every 
nerve to save a few pounds weight by economizing steam 
in the engines, and possibly congratulating himself, at the 
same time, upon his able management. It is no unusual 
case for a difference of 20 per cent, in the consumption of 
fuel to arise simply from good or bad stoking, by which is 
meant the whole management of the fires and the draught. 
The quality of the coals is another important item in esti- 
mating the consumption per horse-power, and some remarks 
on this subject will be made hereafter. In large ships the 
mere labour of passing the coals along to the front of the 
fires is very severe, and some contrivance of slides or rails 
to enable the buckets to be easily run down the firing 
stage is recommended. The stokei^s duty is, at the best. The com- 
a most irksome one, and it is found in practice that any fort of the 
contrivance which adds to his comfort or convenience, "^o^^®'* 
whether it be by reducing the heat of the stoke-place, sup- '^®"*^J]? 
plying him with a tap of cold distilled water, &c., is amply ^°' 
repaid by the increased attention bestowed on the fires. 
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Steam Na- A marked reduction in the heat of the stoke-place in many 
vigation, of her Majesty's ships has attended the use of the douhle 
^""•^v^^ trooke-box doors, siiown in the subjoined sketch (fig. 20), 
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which are kept cool by a current of air passing between the 
Draught to double linings. It is very important, both as regards the 
the firei. coolness of the stoke place and the steaming power of the 
boilers, that the draught of air to the fires should be en- 
couraged as much as possible by means of large hatches, 
wind-sails, and air-tubes. It is found preferable, where 
rapid combustion is required, to allow two or more funnels 
to the boilers, if by this means the draught may be made 
more direct ; for the question here is not merely how to 
generate steam with the least possible consumption of fuel, 
but how to do this in the least possible time, and with a 
boiler of the least possible weight and capacity. It is com- 
paratively an easy matter to evaporate water economically 
in a Cornish boiler, for instance, but a very difficult and 
complex one under the conditions imposed upon the marine 
Rapidity of engineeer. The ordinary rate of combustion in the fur- 
combni- naces of marine boilers is about 15 lb. of coal burned on 
"^^ each square foot of grate-bar sur^Etce per hour; and the 

ratio existing between the absorbent or ** heating surface" 
of the boiler and the grate-bar surface varies from 15 to 
25 of the former to I of the latter. The furnace-bars are 
frequently made so thick as unnecessarily to impede the 
admission of air to the fires. They should not exceed f of 
an inch for wrought- iron, or 1 inch for cast iron, on the 
upper edge, and should have an air-space of fi*om -j^ths to 
J inch between them, while burning Welsh coal. 
Heating The nature and arrangement of the heating surface in a 

•orface. boiler is very material, the chief points to be considered 
being, that the steam may have a ready escape from every 
part of the heated surface, that every portion of the interior 
of the boiler should be accessible for " scaling," or remov- 
ing the crust of insoluble matter which forms upon the 
plates and tubes, and that soot and ashes should not collect 
in any of the flues or passages. A large and high furnace 
is very desirable for facilitating the proper admixture of the 
combustible gases with tlie oxygen of the air. Brass 
tubes are much preferable to iron for rapidity of evapora- 
tion, as might be expected from their relative powers of 
conducting heat. Some recent experiments have shown, 
tliat the evaporative power of clean brass tubes is, to that 
of iron, as 125 : 100 ; and copper tubes as 150 : 100, nearly. 
Uie of salt Salt-water being necessarily used in the boilers of sea- 
water in going steamers, this is liable to become more and more 
r^jy*"® saturated with salt and earthy impurities in proportion as 
*"* the steam passes off to the engines. A twofold evil thus 
arises. The super-salted water, as it increases in density, 
demands more heat before it will part with its steam ; and 
the insoluble ingredients it contains (chiefly the carbonates 
of hme and magnesia, and the sulphate of lime), gaining 
strength with the abstraction ot the steam, are deposited 
inside the boiler, thus forming a non-conducting skin, which 
greatly impairs its efficacy, and subjects the plates to risk of 
injury from the fire. To remedy this, a certain portion of 
the water in the boiler is ^* blown off" into the sea, its place 
being supplied by the feed-pumps with a corresponding 
portion of the hot water, which results from the condensa- 
tion of the steam by a jet of sea-water. As the tempera- 



ture of the '* feed," however, does not exceed 100^ while Steam Na- 
that of the brine it replaces is probably about 230**, it is Jig^ t ion.^ 
evident that much heat is thus lost, more especially as a ^•V^^ 
good deal of steam is believed to escape with the water 
that is blown off. Notwithstanding this, however, it is 
more economical of heat to keep the water in the boiler 
tolerably fresh by a copious admission of feed, which pre- 
vents in a great measure the formation of scale, and con- 
duces to the longevity of the boiler at the same time. 

According to Dr Ure's experiments, the largest propor- Conatl- 
tion of salt held in solution in the open sea is 38 parts in tuenta of 
1000 by weight, and the smallest 32. In a specimen •^^*'®'^* 
brought from the Red Sea, 43 parts were found, the specific 
gravity of the water being 1*035. The Mediterranean 
contains about 38 parts in 1000, the British Channel 35*5, 
the Arctic Ocean 28*5, the Black Sea about 21, and the 
Baltic only 6*6. 

The same authority states, that deep sea-water from the 
ocean (from whatever locality) holds nearly the same in- 
gredients in solution, containing, on an average, in 1000 
parts— 

25*0 Chloride of sodium or common salt. 

6*3 Sulphate of magnesia. 

3*5 Chloride of magnesium. 

0-2 Carbonates of lime and magnesia. 

01 Sulphate of lime. 

841 

Also a little sulphate and muriate of potash, iodide of 
sodium, and bromide of magnesium. 

It is now a common practice to ** blow off" the requisite ** Blowing 
quantity of brine continuously, in the proper proportion to off-** 
the amount of feed admitted, so as to keep the water in the 
boiler at a certain regular degree of saturation, at which it 
is found by experience that little or no deposition of '^scale" Surface 
will take place. Till within the last few years, boilers were **lo''"<>^ 
always blown-off* from the bottom only, it being not un- 
naturally supposed that the heaviest and most saturated 
water would be found there; but experience has now 
proved that the greater portion of the impurities from 
which the scale is formed are to be found on the surface of 
the water of the boiler (being carried upwards by the steam), 
and should be abstracted from thence. Mr Lamb, the 
superintending engineer of the Peninsular and Oriental 
Steam Navigation Company, was the first to introduce 
"surface blow-off," which is now very generally used in 
addition to blowing-off from the bottom, and is attended 
with a considerable improvement in the condition of the 
boiler surfaces. The rule adopted by this company is, that Proper 
the feed and blow-off shall be so regulated, the one to the^^Jf"*.®^ 
other, that the water in the boiler may be always at the *t^"*J^? 
degree of saturation marked 17 on the scale of their hydro- JqJ^, 
meter, which represents a saturation of between -f^ and ^ 
parts of salt, pure water being represented by zero, common 
sea-water by ^, and fully saturated sea-water by \\, 

The following table shows the boiling point and specific 
gravity of sea-water (at 60° Fahr.) of different degrees of 
saturation, expressed in parts of salt contained therein^ tlie 
barometer indicating 30 inches of mercury : — 

Saltneas. Boils. 

Pure water 212° 

Common sea-water.... Vy 213*2° 

Up to this point hut /^ 214-4° 

little deposit will be /, 215 6° 

formed ^ ^ 2167° 

^, 2179° 

A 2191° 

/, 220-3° 

A 221-6° 

VV 222-7° 

il 2238° 

^\ 225-0° 

if 2261« 



Sp. gr. 
1- 

1029 
1058 
1-087 
1116 
1-145 
1174 
1-203 
1232 
1-261 
1-290 
1-319 
1-348 saturated solution. 
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As a genera] rule, the atmospheric boiling point of the 
water should never be avowed to exceed 216*", when the 
barometer stands at 30 inches. The temperature must be 
ascertained by drawing off a small ouantity of the brine, 
and boiling it in a deep copper vessel in the engine-room, 
a correction being made, as nearly as possible, for the state 
of the barometer. 

The following table shows the height of the boiling point 
of pure water at different heights of the barometer: — 

Barometer. 

Inches. 

27 



27J 
28 
28i 
29 



fioUiog Point 
206-96« 
207-84® 
208-69<» 
209-56* 
210-38® 



Barometer. 
Inches. 
29^ 
30 
30^ 
31 



BoUing Point. 

211-20** 
212° 

212 79« 

213 67*» 



In testing brine by the hydrometer, care must be taken 
that it has the particular temperature for which the hydro- 
meter-scale was calculated. This is usually 200® Fahr. 
About 3** of temperature make a difference of '0001 of the 
specific gravity, or '036 of the usual hydrometer degree, or 
•0036 of the density of sea-water. The steam raised from 
salt-water and fresh is precisely the same in every respect ; 
but it has been found by experiment that water of the 
density which it usually acquires in marine boilers, demands 
about one-tenth more of heat to convert it into steam than 
if it were fresh-water, its "capacity for heat" being greater 
to this extent. It is needless to say, that salt iUelf will not 
be deposited until the brine arrives at its point of greatest 
saturation, or three times the density which the water should 
ever be allowed to acauire ; but what the engineer has to 
guard against is, the (ieposition of a solid stone-like incrus- 
tation, composed of the sulphate and carbonate of lime, and 
the carbonate of magnesia. These are at first held in solu- 
tion by the water, but are subsequently rendered insoluble, 
and become deposited on the plates and tubes of the boiler, 
partly from the free carbonic acid being expelled by the 
boiling of the water, and partly by its continued saturation. 
Surfkce Many, though hitherto unsuccessful, attempts have been 

condensa- made to obviate the necessity for this expensive process of 
tion, blowing off. The only effectual remedy is the employment 

of fresh water in place of salt in the boilers ; but this can 
only be accomplished by the adoption of " surface conden- 
sation." By this terra is understood the condensation of 
the steam by contact with a large extent of cold metallic 
surface, instead of the usual method of condensing by a jet 
of sea-water. This principle, though occasionally adopted, 
has generally proved more or less inefficient, and the in- 
vention of a really effective method of surface condensation 
is still a problem in marine engineering. It is believed that 
an economy of about 15 per cent, in consumption of fuel, 
results from the use of fresh- water in the boilers of marine 
engines, with a longer duration of the boiler, and the saving 
of much valuable time consumed in cleaning. The average 
duration of boilers using salt-water does not exceed six 
years, while those using fresh-water last eight or nine ; but 
the life ot a boiler is very uncertain, depending so much on 
the care and attention bestowed upon it. 
Processor The process of ** scaling" a boiler, or removing the de- 
" scaling." posit from the internal surfaces, is a very tedious and 
troublesome one, the scale being detached by hammers and 
chisels, after being loosened as much as |)08sible by lighting 
fires in the furnaces of the empty boiler. In some recent 
experiments on this subject made at PorUmouth by Mr 
Lindsay, the boiler was filled with hot air at a temperature 
of 400°, which acted most successfully in detaching the 
scale by the rapid ex[>ansion induced. The boiler was 
afterwards filled for service, and so soon as a pressure of 
steam was obtained, the bottom blow-off cocks' were opened, 
and most of the scale previously detached was '* blown off^ 
into the sea. 

Almost all boilers are now fitted with an auxiliary or 



" donkey" engine, for the purpose of keeping up the re-St«am Na- 
quisite supply of feed, while the regular feed-pumps attached vigation. 
to the large engines are not working. The " donkey " is ^*"^V^^ 
also made useful for pumping water either from the sea or Donkey- 
the bilge, and is an invaluable aid in case of fire. engine. 

In many steamers the feed-water is heated to a point Feed-water 
considerably above the temperature of the condenser, by heaters, 
means of the waste heat of the boiler itself; being brought 
into contact either with the brine which is blown off, or 
with the hot air at the foot of the chimney. By this means 
its temperature may be raised from about lOO** to 180° or 200**; 
and as modern practice shows the advantage of freshening 
the boiler by a plentiful admission of feed, it is very de- 
sirable that its temperature should be thus previously raised. 
Various modes of effecting this will be found mentioned in 
the descriptions to the plates accomf)anying this article. 
The feed- water heater of the Great Eastern has acquired 
an unfortunate notoriety from the sad consequences attend- 
ing its explosion, though there is no inherent danger in the 
arrangement there adopted, which has been safely and suc- 
cessfully applied in many other vessels. 

When the ebullition inside a boiler is so rapid and violent <*Priming." 
that the water rises with the steam inconsiderable quan- 
tity, and is carried over with it to the engines, or is blown 
up the waste steam- pipe, the boiler is then said to " prime.*' 
This is one of the most dangerous and troublesome propen- 
sities to which a boiler can be subject, as it may occ*asion a 
break-down in the engines by the shock of the piston upon 
the incompressible fiuid (if escape-valves of sufficient capa- 
city are not fitted), and in all cases it entails a great loss of 
heal carried off by the hot water which boils over. Prim- Causes of 
ing may arise from a variety of causes, but the prevalent priming, 
one, more especially in the government service, is a too 
contracted steam space over the water of the boiler. For 
where the reservoir of steam from which the engines are 
supplied is very small, there must be constant pulsations of 
pressure in the boiler ; and each time that the surface of 
the boiling water is relieved of a certain amount of pres- 
sure by the rapid withdrawal of a cylinder full of steam, it 
boils up with great violence, and possibly ovei flows into the 
steam-pipe. The only remedy for this is an addition to the 
size of the steam-chest, and an increased height above the 
surface of the water to the steam -pipe orifice. Priming, 
however, is frequently the result of accidental causes, apart 
from the construction of the boiler. Water charged with 
mud or mucilage, which forms a viscid scum on the sur- 
face, is sure to induce it ; also while the ship is passing 
from fresh- water into salt, and vice versd. A new boiler 
with clean *' raw " surfaces, is more liable to prime than 
after it has contracted a coating of scale, in consequence of 
the brisker ebullition going on, as well as from the dirt and 
grease left in a new boiler by the workmen. It is a usual 
practice to put tallow in a boiler as a preventive of priming, 
but this is not always attended with the desired effect. 
When the boiler primes very much, it is necessary to slow 
the fires, so as to prevent the too rapid formation of steam. 

Ail boilers are subject to the loss of a certain quantity «* Wet " 
of water, which rises with the steam in the shape of fine steam, 
spray, and passes over with it into the cylinders of the 
engines. When much of this is present, the steam is said 
to be ** wet ;" but it is believed that all steam raised in the 
ordinary way is more or less charged with water in a state 
of fine subdivision. To evaporate and utilize this water is 
one of the principal incentives to tlie use of surcharged or 
** superheated " steam. The other advantage arising from 
its use, namely, the prevention of condensation in the 
cylinders, has been already referred to while treating of 
expansive working. 

The steam in the boiler may be superheated in a variety saperheat- 
of ways, but tliose methods seem preferable which use foringappara- 
this purpose the spare heat at the bottom of the chimney, tus. 
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which would otherwise be almost entirely lost. The ac- 
companying sketch (fig. 21) explains the metliod which has 



ELEVATION, 




Plf.fl. 
Lamb and Sammers* Sapertaeatlnf AppMratoi. 

been already largely employed in the steamships of the 
Peninsular and Oriental Steam Navigation Company, those 
of the Union Steam Packet Company (carrying the Cape 
mailsX and many others at Southampton, and which has 
been attended with the most undoubted success. It will 
be observed that the steam, in its way from the boilers to 
the engines, passes through the superheating chest A, at 
the foot of the chimney, the steam occupying the narrow 
spaces between the sheet-flues through which the smoke 
and hot air pass. 

BB are stop-valves for admitting the steam to the appara- 
tus, or excluaing it if necessary. 

CCC are stop-valves for passing the steam direct from 
the boilers to the engines without going through the ap- 
paratus. 

DD are stop-valves for admitting the superheated steam 
to the engines, or shutting it off when common steam only 
is used. 

££ is a square casing enclosing the apparatus, and form- 
ing the foot of the chimney, the smoke and hot air of which 
entirely surround the superheating chest. Other casings 
of thin iron are fitted outside this, to prevent the radiation 
of heat. 

F is a door for getting into the chimney, and examining 
the flues of the apparatus. 

The chimney is not rigidly fastened to the square casing, 
but ships over the projecting part HH, the space between 
being filled with clay. This mode of carrying the chimney 
is adopted, so that, in the event of collision, the loss of the 
chimney should not entail the destruction of the apparatus 
and its connexions. 

It is found, from experience, that a heating surface of 
al)Out 4 square feet per nominal horse-power of boiler is 
required to superheat the steam under ordinary circum- 
stances. The temperature of the steam, when issuing from 
this apparatus, is generally found to be about 320** to 360"; 
and in the slide-jacket, from 20° to 30° less, according to 
the length of the steam-pipe. 



The saving of fuel in the steamships of the Peninsular Steam Na- 
and Oriental Company, by the use of this apparatus, is vlgation. 
stated to vary from 15 to 30 per cent., without any inju- ^— "s/^^ 
rious effects resulting to the piston-packings, &c. By UiisA high 
simple and inexpensive process the whole steam given offte«np«>*- 
by the boiler is " superheated " from the temperature due *'"^JJ?i 
to its pressure (which for steam of 15 pounds pressure'^ 
would be 250°) to a temperature of from 320° te 350^ 
which has been proved to be amply sufficient for obtaining 
all the benefit derivable from the process. That much o. 
the heat of superheated steam is really employed in evapo- 
rating the particles of water held in suspension seems to be 
proved by this fact, that its temperature will fall as much 
as 25 or 30 degrees, in some cases, during its passage from 
tlie boiler to the engine, though there is no perceptible 
escape of heat by radiation from the surface of the well- 
protected steam-pipe. The heat thus apparently lost is 
undoubtedly taken up (in the latent form) by the steam 
resulting from the vaporization of these watery particles, 
by which means the heat already contained in the water is 
turned to good account, and the evaporative power of the 
boiler is virtually increased. 

A great many experiments have been made to test the fioonomy 
actual economy of the process by comparison with the ex- of the pro 
isting consumption of coal before the superheating appara- ^•■■• 
tus was fitted, and in every instance there has been a per- 
ceptible improvement This sometimes takes the shape of 
increased speed in the engines and vessel, sometimes a 
saving of fuel alone is effected, and in other instances both 
of these are combined in the same vessel in variable pro- 
portions. Where the speed of the vessel has been kept a 
constant quantity, there would appear to be an actual sav- 
ing of from 10 to 20 per cent, of fuel, according to the 
nature and qualities of the boiler to which the process has 
been appliect, and the amount of expansion in the cylinders. 
The high rates of economy are naturally shown by those 
boilers which were previously the worst to keep steam 
with, and which required very hard firing to do so. Those 
addicted to priming and wet steam rank next in apparent 
economy, while those boilers which show the least were 
originally the best specimens of their class. There is no 
question, however, but that the process is beneficial tit all 
caseSy though not equally so ; ana that it enables the steam 
to be raised in the boilers without ** hard firing " being re- 
sorted to, being in this respect a great boon to the stokers. 

It is believed that no advantage over the ordinary me- Wethered'^ 
thods of superheating the steam is due to Mr Wethered's mixed mu- 
system of mixing superheated and ordinary steam together P«f*»«**«^ 
at the point where they enter the valve-jacket. To this •'••"'• 
gentleman's patent, however, we owe, in a great measure, 
the general awakening of marine engineers to the un- 
doubted advantages of the process, which have been till 
now so unaccountably overlooked. The plan adopted by Ck>ntenra- 
the government of contracting for their steam machinery tism In 
with only a few favoured and old-established houses, though marine 
perhaps justifiable in other respects, has undoubtedly tended •°8''**^ 
to promote conservatism in marine engines, and to repress 
innovations and improvements, the wholesome though oflen 
unpalatable principle of competition being scarcely roused 
into action. These lordly manufacturers have nothing to 
gain, in fact, by breaking new ground, being well assured 
of their accustomed orders from the Admiralty, and not 
caring, perhaps, to raise the question whether their beauti- 
fully constructed machinery might not jxissibly content it- 
self with a more moderate allowance of fuel. In the case 
of those manufacturers, however, who have not the entrSe 
at Whitehall, but who are dependent upon the custom of 
the great steam shipping companies, and other private 
owners of steam-vessels, who have a strong interest in this 
question, there exists an active competition, and conse- 
quently a powerful inducement to improve upon the econo- 
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Bteam Na- mical performance of their machinery. We find, accord* 
Tlgation. ingly, that it is this class who have taken the lead in the 
^^•^^/^^ steam reformation which has recently set in. 

There are three principal kinds of marine boilers in use 
in this country, namely, the rectangular-flue boiler (which 
is now very generally discarded) ; the multitubular boiler, 
or, as it is more usually called, the tubular boiler ; and the 
Thetabnlar sheet-flue boiler. The tubular boiler (as shown in Plates 
^^^f' XIX. and XX.) is that in most general use. This con- 
struction enables a very large quantity of heating surface 
to be crowded into comparatively small space ; while the 
form of the tubes, which vary from 2^ to 4 in. in diameter, 
affords great strength, at the same time that the thinness of 
the metal composing them offers little impediment to the 
conduction of heat. They are attended with this inconve- 
nience, however, that the flame arising from the combus- 
tion of the inflammable gases in the furnace is prematurely 
extinguished by the minute subdivision and rapid reduction 
of temperature to which it is exposed in passing through 
these small tubes. 

It is well known that flame requires a very high tempe- 
rature for its maintenance, and is easily extinguished by 
contact with a comparatively cool surface ; as for instance, 
in passing through the wire-gauze of the miner's safety- 
lamp. A precisely similar effect is produced by the boiler- 
tubes, whose temperature, from tlieir being surrounded 
with water, must be considered low when compared with 
that of the flame and hot gases passing through them. 
Vertical- The Americans have adopted a different form of tubular 
tube boiler, boiler (as shown in the accompanying wood-cut, fig. 22), 




Fif.32. 
Ameriean nprigbt-tnbe Boiler. 

In which the tubes are disposed vertically, the smoke and 
flame passing round the outside of the tubes, and the water 
being contained inside. These vertical-tube boilers are 
very effective in generating steam, and |)arily for this reason, 
that the flame reaches further amongst their tul)es than in 
the case of a horizontal boiler, in consequence of the greater 
space outside the tubes in which the flame may develop 
itself. The importance of this, while using the bituminous 
/laming coal of the northern coal-fields, is very great. The 
absorbent surface of the vertical-tube boilers is, of course, 
greater than that of the horizontal in proportion as the 
external diameter of the tubes exceeds their internal 
diameter, and the weight of water it is necessary to carry 
is much less. 
Bheei-flue Sheet-flue boilers are constructed with numerous flat, 
boiler. narrow water-spaces, alternating with flues of the same 
form in place of tubes. The width of the water-spaces in 
" Lamb and Summers' patent sheet-flue boilers " varies 
from 1^ to 2 inches, and the flues from 2} to 3 inches. 
They are extensively used in the steamers of the Penin- 



sular and Oriental Company, where they give much satis- Steam Na- 
£Gu;tion from their durability, and economy in repairs. vigation. 

When a marine boiler explodes, the presumption is, ^-•^/^^-^ 
either that the boiler has been originally weak in one par- Explosions 
ticular place, where it has given way under a pressure but ^^ boilers, 
slightly exceeding that at which it is usually worked : or, ^*"«•• 
secondly, that the safety-valve has not acted properly, or 
has been over-weighted, and the boiler has burst simply 
from excess of pre^isure: or, thirdly, that the water has 
been allowed to tail too low, and thus ex|>ose the tops of 
the flues or furnaces, or the boiler-tubes, which, getting 
red-hot by the action of the flame, have suddenly generated 
such a rush of steam, upon the re-admission of the feed, as 
to cause a rupture of the weakened plates. Explosions 
most frequently happen at the moment of opening or shut- 
ting a safety-valve or communication- valve, which shows 
that so long as the steam remains undisturbed within the 
boiler, it will sustain a very high pressure without bursting; 
but should a wave or pulsation be carried through it, the 
equilibrium is instantly destroyed, and a rupture takes 
place. The very act of suddenly opening a safety-valve, 
or a communication-valve to the engines, would cause the 
water to boil up with great violence, and an immense 
volume of steam to be instantly liberated, in consequence 
of the water being relieved from a certain amount of pres- 
sure. In the event, therefore, of the discovery being made precau- 
that any portion of the boiler has become overheated from tions, &c 
want of water, the engineer should neither open the safety- 
valve nor admit the feed, but throw o|)en the fire-doors, 
close the dampers, and draw the fires, after which the 
safety-valves may be cautiously relieved, and the feed 
gradually admitted, until the overheated surfaces are 
covered with water. 

In those parts of the boiler where the heat is most 
intense (as at the backs of the furnaces) the plates will 
gradually become oxidated and weakened by the fire, even 
although kept constantly in contact with water. This is 
probably owing to the rapid disengagement of steam from 
the surface, which interposes a non-conducting film of steam 
between the iron and the water, and thus permits the 
former to get overheated. Thick plates, or overlapped 
joints, in such a position, '* burn out" quicker than thin 
ones, from the imperfect conduction of the heat through 
the metal, and this is of course much aggravated when the 
plates are coated with scale. Plenty of steam room is a 
safeguard to a boiler, as tending to diffuse and neutralize 
any dangerous oscillation or sudden accession of steam. 
The immense rush of steam which always follows an ex- 
plosion is satisfactorily explained, when we consider that 
the instant the water contained in the boiler is relieved of 
pressure it throws off steam with great rapidity, and con- 
tinues to do so until the whole mass of the water is reduced 
to the atmospheric condition of 212° Fahr. To make 
matters worse, the steam-chests of all the boilers are usually 
in communication. 

It is gratifying to find that explosions occur so rarely as ReHty of 
they do on board of steam vessels in this country — a result explosion* 
which is doubtless to be attributed, in a great measure, tol"****™®"*- 
the supervision of the Board of Trade: and it is worthy of 
remark that the majority of such accidents have happened 
to tug-boats, which, from not carrying passengers, are 
exempt from Government interference. By the Merchant Require- 
Shipping Acts of 1854 and 1862 the Board of Trade may "n®"** of 
enforce certain provisions of equipment of the vessel and ^ ^^' 
her machinery, conducive to the safety of the passengers pj^" Acl*" 



and ship. The |K)ints to which attention is directed by this 
act are, that the masters, mates, and engineers of steamers 
shall have proper certificates of competency ; that the hull 
and machinery generally shall be of sufficient strength ; that 
the number of passengers carried sliall be in proportion to 
the accommodation ; that a sufficient number of boatu be 
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Steam Na- carried ; that proper water-tight bulkheads be fitted, as 
▼igatioD. well as pumps, fire-pumps and hose, life-buoys, lights, com- 
^«<^V^^ passes, &C., &c. Each boiler is required to have one safety- 
valve, and recommended for further security to have two, 
the weights upon which have been sanctioned by the Board 
through their surveyor. One of these valves (called the 
government safety-valve) is to be kept locked beyond the 
control of the engineer of the boat, the key being placed 
under the master's charge. Every passenger- steamer is 
required by this act to renew her certificate of efficiency or 
sea-worthiness twice a-year, afler periodical surveys have 
been held upon her hull and machinery; and if such cer- 
tificate is not granted, she is debarred firom carrying 
passengers until the required provisions are complied 
with. 

It will now be desirable to convey some practical infor- 
mation regarding the coals used in steam-vessels. The 
qualities it w uiosc desirable for oteam coals to possess may 



Qualities 
ofCoaL 



be summed up as follows: — 1. They should have a high Steam Ka- 
evaporative power, or, in other words, they should be vig^tion. 
capable of converting much water into steam with a small ^"^V^^ 
consumption of fuel. 2. They should not be highly bitu- 
minous, as such coals produce a dense black smoke which 
it is difficult to consume in the furnace, and the soot and 
tarry matter evolved are found to clog the tubes and flues, 
and detract from the evaporative power of the boiler. 8. 
The coal should light quickly, and be capable of a rapid 
combustion. 4. It should be sufficiendy cohesive in its 
nature to bear the constant attrition it is subjected to with- 
out becoming broken into small fragments. 5. It should 
combine a considerable density with such a mechanical 
structure as may admit of its being stowed in the smallest 
possible space, this involving a difference of 20 per cent, 
between coals of different kinds. 6. It should be as firee 
as possible from sulphur, which induces progressive decay 
ana spontaneous combustion. 



Table, showing an Abstract of the Principal Results obtained from the Best Coals of the United Kingdom, 
collated from the Admircdty Reports on Coals suited to the Steam Navy. 



Nam«ofFn«L 



Graigola 

Anthracite (James and Awbrey) , 

Pentrefelin , 

Duffryn , 

Oldcaatle Fiery Vein 

Ward's Fiery Vein 

Binea 

Llangenneeh 

Pentrepoth 

Mynydd Newydd 

Three-quarter Rock Vein , 

Cwm Frood Rock Vein 

Cwm Nanty-gros 

Resolven 

Pontypool 

Bedwas 

Ebbw Vale 

Porth-Mawr 

Coleshill 

Neath Abbey 

Llynvi , 

Rock Vawr 

Aberdare Company's Merthyr 

Thomas's Merthyr 

Nixon's Merthyr «, 

Hill's Plymouth Works 

Slievardagh (Irish Anthracite) , 

Dalkeith Jewel Seam 

Wallsend Elgin 

Grangemouth 

Eglinton 

Newcastle Hartley 

Oarr's Hartley , 

North Percy Hartley 

Hasting's Hartley 

Hedley^s Hartley 

Original Hartley 

Derwentwater's Hartley 

Gadley Four-feet Seam 

Haswell's Coal Company's Steamboat. 

Davison's West Hartley 

Cowpen and Sydney Hartley 

Balcarres Lindsay Mine 

„ Haigh Yard 

Johnson and Wirthington's Sir John. 

Wylam's Patent Fuel 

BeU's „ , 

Warlich's „ ., 

Lyon's „ „ 

Watney's Anthracite 



Eraporative 

pofrer or 
No. of lbs. of 
Water oon- 
Terted into 
steam by 
lib. of Coal. 



9*35 
9-46 
6-36 

1014 
8*94 
d-40 
9-94 
8-86 
872 
9-52 
8-84 
8-70 
8*42 
9-53 
7-47 
9-79 

10-21 
7-63 
800 
9-38 
919 
7-68 
9-73 

1016 
9-96 
9-76 
9-86 
7-08 
8-46 
7-40 
7-37 
8-23 
7-71 
7-67 
7-77 
8-16 
6-82 
7-42 
9-29 
7-48 
7-61 
6-79 
7-44 
7-90 
6-32 
8*92 
8*53 

10-36 
9-58 

11-08 



Weight of 

enbio foot 

inlbs. 



6017 

68-25 

66-17 

53-22 

50-92 

57-43 

57-08 

56-93 

57-72 

56-33 

5639 

55-28 

56-00 

58-66 

56-70 

50-60 

53-30 

53-30 

5300 

59-30 

53 30 

56-00 

49-30 

5300 

51-70 

61-20 

6280 

49-8 

64-6 

64-26 

620 

50-5 

47-8 

49-1 

48-6 

520 

491 

50-4 

61-6 

496 

47-7 

47-9 

51-1 

60-8 

51-6 

65-08 

66-3 

6906 

61-10 

670 



Space 

occupied bj 

1 ton in 

eubio feet. 



37-23 

38-46 

33-86 

4209 

43-99 

39-0 

39-24 

39-34 

38-80 

39-76 

39-72 

40-62 

4000 

88-19 

40-22 

44*32 

42-26 

42-02 

42-26 

37-77 

42-02 

40-72 

46 43 

42-26 

43-32 

43-74 

35-66 

44-98 

41-02 

40-13 

43-07 

44-35 

46-86 

46-62 

46-18 

4307 

4562 

44-44 

43-41 

45-25 

46-96 

46-76 

43-83 

44-13 

43-41 

34-41 

34-30 

32-44 

36-66 

33-43 



Coh6flT« 
Power per- 
centajre of 
large Coals. 



49-3 

68-6 

52-7 

56-2 

57-7 

46-6 

51-2 

53-6 

46-6 

53-7 

52-7 

72-6 

55-7 

36-0 

57-50 

54-00 

46-00 

62-00 

62-00 

50-00 

65-'6 
74-5 
57-6 
64-5 
64-0 
74-0 
85-7 
64-0 
69-7 
79-6 
78-6 
77-6 
60-0 
75-6 
85*5 
80-0 
63-6 
68-6 
79-5 
76-6 
74-0 
70-0 
80-0 
82-0 



87-5 



Eraporatlre 
Power after 
deducting for 
Combastlble 
Matter in 
residua. 



9-66 
9-7 
7-4 
11-8 

10-6 

10-3 

9-2 

8-98 

10-59 

936 

8-82 

10-44 

8-04 

9-99 

10-64 

7-76 

8-34 

966 

9-58 

7-88 

10-27 

10-72 

10-70 

10-18 

10-49 

7-10 

8-67 

791 

7-48 

8-66 

8-13 

7-72 

7-96 

871 

6-98 

7-66 

10-73 

7-85 

7-83 

7-02 

7-58 

8-23 

6-62 

974 

8-66 

1060 

9-77 

11-40 



Eraporatire 
Power per 
Hoar per 

Square Foot 
of Grate 
surface. 



40-6 
69-8 
71-0 
87-8 



61-6 
79-6 
88-3 

71-3 
71-4 
550 
90-5 
90-6 
77-3 
76-7 

116-0 
89-0 
91-0 
92-4 

111-8 

102-6 

119-8 
84-6 
63-0 
910 
71-4 
90-0 
620 
84-6 
94-0 

104-0 
74-8 

106-5 
95-0 
96-5 
61-0 
96-6 
84-0 
93-5 
79-0 
80-6 
72-4 
91 -5 
96-5 
930 

127-4 



Lbs. of 
Clinker 
per ton. 



30-6 



22-7 





54-6 



68-6 

80-2 

591 

42-8 

40-8 

23-7 



20-9 

25-2 

93 

27-0 

396 

19-2 

36-0 

38-0 

9-8 

3-9 

5-7 

7-5 

180 

62-2 

14-6 

16-4 

8-2 

170 

60 

7-8 

1-7 

14-4 

10-1 

283 

11-6 

9-8 

2-1 

3-7 

22-3 

26-4 

34-4 

61-6 

76-1 

29-7 

38-7 

24-6 



Admiralty 
experi- 
ments on 
coals for 
the Royal 
Nanr. 
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Average 
properties 
of cual. 



Properileia 

of Welsh. 
Ih. 

Theoretieal evaporative power 15*786 

Specific gravity 1-326 

Coke 86-87 

Moistare 0-88 

Frangibility, large 79-2 

20-8 



ATerage of 

Seventeen Sunplae Siz^Sampi 



of NeweMtle. 
Ih. 
14-208 
1-259 
661 
. 607 
850 
15-0 

Average Chemical Analysis of 100 parts qf Dried Coal, 

Ash 2-24 4-32 

Carbon 8913 78-46 

Hydrogen 4-23 6-11 

Nitrogen 1-27 1.79 

Sulphur 1-01 1-36 

Oxygen 2*12 897 

In the foregoing tables the '* theoretical evaporative 
power " is deduced from the composition of each coal as 
determined by chemical analysis. It gives the maximwn 
amount of heat which each coal could produce, calculated 
in terms of the number of pounds of water at 212°, which 
would be converted into steam at 212° by the complete 
combustion of lib. of each variety of coal. 
Evapora- Hb. of pure carbon (according to the most accurate 
tive power experiments) emits, by its combustion, an amount of heat 
of ooal. sufficient to evaporate 14*88 lb. of water at 212° into steam 
at 212° ; and lib. of hydrogen, when burned, emits heat 
enough to convert 63'561b. water at 212° into steam of 
the same temperature. It is found experimentally that the 
quantity of water capable of being eva{)orated by any coal 
is (as nearly as possible) directly as the quantity of coke 
which can be produced from that coal ; the fact being, that 
in the case of bituminous coals, as burned in an ordinary 
furnace, as .much heat is required for liberating the volatile 
products of the coal as is afterwards produced by the com- 
bustion of these volatile products, taking into account the 
cooling effect of the air admitted to maintain their combus- 
Anthracite, tion. Hence the very high evaporative power of anthracite 
coal, which, unfortunately, has certain countervailing disad- 
vantages, that preclude its use in the boilers of a steam-vessel 
under ordinary circumstances. It is not only very difficult to 
light, but when lighted can be maintained in active combus- 
tion only by the aid of artificial draught, when 
the heat evolved is so intense as rapidly to 
destroy the fire-bars, as well as the material of 
the boiler itself. Webh coal, which holds an 
intermediate rank as to its evaporative power 
Welsh ccal. between anthracite and the bituminous coals 
of the northern district, is considered the 
most suitable for steamers in general, and is 
much more easily stoked than bituminous coal. 
As Newcastle and other bituminous coals 
demand careful and peculiar treatment in the 
Treatment furnace, it may not be out of place here to 
of bitumi- give some directions for stoking it. The fires 
nous coals, g^ould be kept at a uniform thickness of from 
12 to 14 inches. When the furnaces of one 
boiler are being charged, the fresh coal 
should be thrown upon the right-hand half of 
each fire in succession for one charge, and then upon the 
left-hand half of each fire during the next charge, and so 
on alternately, so that the whole fire may never be covered 
with "green" coals at once. The green coal is to be 
thrown upon the fVont half of the fire only, and never at 
the back of the fire, but when necessary the red burning 
fuel must be pushed back by the shovel, to keep up the 
• proper thickness of the fires at the bridee. Where no 
means are provided for admitting air through the fire-doors, 
these must be left slightly open, after chareing with fresh 
coal. By a due observance of the three last directions, 
the formation of black smoke with north country coal may 
be prevented. The cinders, as they fidl through the spaces 



between the fire-bars, are to be raked forward in the ash- Steam N»- 
pits, and at every fresh charge a portion of them is to be vigation. 
thrown upon the fires after the green coal, so that nothing ^^^^/^*' 
is removed from the stoke-hole but clinkers and ashes. 
The spaces between the fire-bars are at all times to be 
kept clear of clinkers and ashes, so that the au* may have 
free access to the burning fuel. When the coals cake on 
the bars, the poker must be gently used to raise and open 
them for the admission of air to the mass of the burn- 
ing ftiel. 

Some of the '^ patent fiiels" have a very high evaporative Pateb* 
power, but they are all, more or less, difficult to manage in fuels, 
the furnace, and should never be used where the stokers 
are unaccustomed to their peculiarities. They are very 
valuable in special cases, from the compactness with which 
they may be stowed. 

We shall now advert to a few particulars having refer- Marine 
ence to the general construction and management of the eagiaes. 
Engines of steam-vessels. The first valve through which 
the steam passes after leaving the boiler is the throttle^ 
valve^ by means of 'which the flow of steam to the engines 
is regulated or shut off entirely by hand. In the event of 
a ship pitching very much in a heavy sea, it is often neces- 
sary to station a man at the throttle-valve to shut off* the 
steam from the engine whenever it begins to " race," or fly 
off at a high velocity, according as the resistance is removed 
by the propeller becoming raised out of the water. Both 
paddle and screw engines are subject to this dangerous 
action, but particularly the latter, on account of the screw 
being, from its position in the ship, more exposed to sudden 
variations of "dip" or immersion. To mitigate this (in 
some measure), tne contrivance called a '* governor" has Marine 
been successfully applied in many cases of screw-steamers, governor, 
whose consumption of fuel in bad weather has been thereby 
much diminished, as well as the working of the machinery 
rendered more regular. Indeed, the commander of a screw- 
steamer has often found it practicable, after this little in- 
strument had been fitted to his machinery, to keep his 
vessel head to wind in such weather as would have formerly 
necessitated his laying to. 

The annexed figure (23) represents the best, and indeed 




enver** Marine Sng litb GoTemor. Detcrlp* 

the only, species of marine governor that has (we believe) *l^" ®^ 
been successfully applied. It is called " Silver's momentum- goy^nior. 
wheel governor," constructed by Messrs J. Hamilton und 
Company of Glasgow, who have purchased the patent. 
** It consists of a momentum-wheel A, fixed on the boss 
of a pinion B, which works loosely on the spindle C, and 
gears into the two-toothed sectors DD. These two sec- 
tors, being supported on a crosshead £, made fast to and 
carried with tlie spindle C, work in opposite directions on 
the pinion B; and as they are linked by the rods FF to the 
sliding collar G, which receives and works the forked lever 
H, communicate motion to the throttle-valve T. MM are 
vanes, and N is a spiral spring, both of which are adjustable.** 
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8team Na- '' The action of the above instrument is as follows : — 
vigation. When the spindle of the governor is turned by tlie engine 
''^^■v^^ to which it is attached, the two- toothed sectors, which are 
carried on the fixed crosshead, being geared into the pinion 
on the momentum- wheel, have the tendency to turn round 
on this pinion ; but as they are linked to the sliding collar, 
they necessarily pull inwards this collar, and so compress 
the spiral spring, and this spring reacting on the collar, and 
consequently on the toothed sectors, serves to turn round 
the momentum-wheel, while the vanes on the momentum- 
wheel balance the action of this spring by the resistance 
the atmosphere offers to their progress through it. As the 
leverage action of the toothed sectors upon the momentum- 
wheel pinion increases (as the spring becomes distended, 
and vice versd), it will be seen that the reaction of the 
spring in propelling the momentum-wheel will at all times 
be uniform, and as much only is required as will carry 
round the momentum-wheel with its vanes at its proper 
speed, and overcome the friction of working the throttle- 
valve and throttle-valve connections. When the momen- 
tum-wheel is in motion, it will rotate with the engine to 
which it is attached at a velocity proportioned to that at 
which it is fixed by the connecting gear ; and while the 
engine, from the usual causes, may attempt to vary this 
velocity, it cannot affect the momentum-wheel, but leaves 
it free to act upon the sliding collar, and consequently 
upon the throttle- valve — at one time closing the throttle- 
valve by its action in resisting any increase of velocity, and 
at another time opening the throttle-valve by its action in 
resisting any decrease of velocity on the part of the engine. 
A momentum-wheel of 2 feet 8 inches in diameter, and 
2 inches breadth of periphery, running at a speed of 180 
revolutions per minute, is found to be sufficient to work 
with promptness and ease the largest throttle-valve." 

The same engineers have also introduced, for this pur- 
pose, an ingenious modification of the ordinary Watt's cen- 
trifugal governor, called *' Silver's four-ball governor," in 
which the action of a spiral-spring is substituted for that of 
gravity, and the whole apparatus (like the preceding one) 
is balanced, so as to remain undisturbed in its action by 
the pitching or rolling of the vessel. The performance of 
the four-ball governor, however, is not nearly so satisfactory 
as that of the one previously described. 
Kxnanrion- The steam, afler passing the throttle-valve, next enters 
valve. the expansion-valve, where it is cut off at any desired 
portion of the stroke, by the action of an eccentric, or cam, 
on the main shafl. Such an arrangement is shown in Plate 
XV. The valve usually employed for this purpose is the 
"equilibrium" or "double-beat" valve, as shown in the 
annexed engraving. This kind of valve has the advantage 

of being opened 

and shut with 

great facility, 

since, from its 

construction, the 

pressure of the 

steam has no 

tendency to jam 

it against its seat, 

s'ig-^*- the objection to 

which all single fiat valves are subject. It is also apparent 

that a slight rise of this valve gives a large opening for the 

steam to pass. In the engraving, the vidves a a are made 

of brass, and the valve- box, and the spindles connecting 

the valves, are of iron. In this instance tlie valves are 

purposely connected by iron spindles, in order that the linear 

expansion of the sides of the box containing the valves, and 

of the spindle connecting them, may be equsd in amount, and 

therefore have no tendency to raise the upper valve off its 

seat, which would certainly ensue were the valves connected 

by a brass spindle, in consequence of the greater expansion 




of that metal by heat. This arrangement of the metals steam Na- 
will be seen to be of special importance when superheated vigation. 
steam is used, and the temperature thereby increased. ^^^m^^^^^/ 

Having passed the expansion- valves, the steam now enters 81id<»- 
the jacket of the cylinder slide-valves. These are usually valvea. 
so constructed and arranged as to fulfil the following con- 
ditions for the admission and exclusion of tlie steam, inde- 
pendently of the action of the expansion-valves : — 1*^, The 
steam is shut off a little before the end of the stroke, by the 
valve prematurely closing the steam-port aperture. The 
use of this is to check the velocity of the piston, by causing 
it to finish the stroke by the expansion of the enclosed 
steam only. This is effected by giving " lap" to the valve. 
2d, The eduction-port, or the passage to the condenser, is 
closed a little before the end of the stroke, which is called 
cushioning the piston, because it then completes the stroke 
against an elastic cushion of va(K)ur shut up between it and 
the top or bottom of the cylinder. 3c/, The port is opened 
for the admission of steam to the cylinder a very little before 
the piston begins the return-stroke, in order that the steam 
may have filled the passages and the " clearance" of the pis- 
ton, and have acquired its full pressure, by the time that the 
crank shall have turned the centre. This is effected by 
giving what is called " lead" to the valve. 4th, The com- 
munication with the condenser is opened a little before the 
end of the stroke, so as to have a vacuum ready made in 
the cylinder so soon as the return-stroke begins. In this 
way each operation which takes place in the cylinder is 
slightly anticipated by the mode of setting the valves. In 
the case of screw-engines especially (which run at a high 
velocity), it is of the greatest importance that the steam- 
passages and valves should be of ample size, and those 
valves only should be used which give a large opening for 
the steam, with a short " travel " of the valve. 

As the nature and limits of this article preclude a mi- 
nute description of the details of the marine engine (which 
indeed are very similar to those of the stationary condens- 
ing engine, already given in the article Stbah-Enginb in 
Ency. Brit,\ we will not attempt this, but at once follow the 
steam from the cylinder into the condenser. The conden- Condenser 
sation of the steam is usually effected by the dispersion of 
a jet of cold sea- water amongst it, which is the most effectual 
means yet known for producing that instantaneous conden* 
sation, upon which the efficacy of the process is entirely 
dependent. Many attempts have been made, as we have 
before stated, to condense the steam by contact with cold 
metallic surfaces without the use oi the water jet, but they 
have for the most part failed to give permanent satisfaction. 
Altliough a good vacuum may uncfoubtedly be thus ob- 
tained when the apparatus is clean and in good working Sarfac«*- 
order, it has been too frequently found in practice that «>"^«n««»'*- 
any apparent advantages are more than counterbalanced 
by tlie additional cost, weight, and complexity of the 
apparatus, and its consequent liability to derangement* 
In most surface-condensers the steam is passed through 
a great many small copper pipes, contained in a cistern 
of cold water, through which a current from the sea is 
made to fiow by meaps of a force-pump. As the cop- 
per pipes are liable to become furred on the outside 
firom impurities in the water, as well as choked in the 
inside by grease and dirt carried into them with priming 
from the boiler, it is recommended that these should 
never be made less than about one inch in diameter, and 
that means be provided for frequently flushing or clean- 
ing out the chest containing the tubes. Where sur- 
face-condensers are used, the loss of water arising firom * 
leakage, or from blowing-off at the valves, is compensated 
to the boiler by employing a small apparatus to distil sea- 
watert by the aid of which the boilers are kept constantly 
supplied with fresh water. A close connection exists be- 
tween the temperature of the condenser and the vacuum, 
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Na- the latter being of course more complete as the tempe- 
▼igation. rature is reduced. There is a limit, however, beyond 
which any further reduction of temperature, by injecting 
more sea-water, is attended by a loss of power. It is found 
in practice, that a temperature of from 95*^ to 105° (depend- 
ing upon the pressure of the steam), is the most economi- 
cal, with which a vacuum of from 27^ to 26 inches of mer- 
ci!ry is obtained when the weather bai'ometer stands at 
29^ inches, the standard of this country. It is a curious 
fact, and contrary to what mi^ht at first sight have been 
anticipitated, that a better vacuum, and a lower temperature 
of the condenser, is obtained with superheated steam, than 
with common steam, being probably owing to the more 
perfect condensation of the steam, when not mixed with 
particles of hot water held in mechanical suspension. This 
fact appears also to indicate, that the extra dose of heat 
contained in the superheated steam has been all previously 
and usefully expended in the cylinder (by supplying the 
expanding steam with latent heat), and that no portion of 
it survives to enter the condenser. Whatever the cause 
may be, the result is, that considerably less injection-water 
is required when superheated steam is used, much to the 
surprise of the engineer in charge. 
Contents of According to Dr Ure's experiments, uncondensed watery 
vaf)our at a temperature of 100° balances 1*86 inch of mer- 
cury; at 110°, 2-45 inches; at 120, 3-3 inches; at 130°, 
4-366 inches ; at 140*, 5-77 inches ; and at 150°, 7*53 inches 
of mercury, or exerts a pressure of 3^ pounds per square 
inch. In addition to the uncondensed vapour, a consider- 
able quantity of atmospheric air is always present in the 
condenser, having entered it in combination with the con- 
densing water. The contents of the condenser, therefore, 
ore sea-water used for condensation, condensed steam, un- 
condensed watery vapour, and atmospheric air. To remove 
The n\r» these is the duty of the air-pump. It has a capacity of 
pump. about #ths of that of the cylinder, and is furnished with a 
'* bucket " and valves, which are now usually formed of 
stout circular discs of vulcanised India-rubber. The air- 
pump draws its contents from the condenser through the 
foot-valve^ and then passes them on through the delivery ^ 
valve and the discharge-pipe into the sea, a small portion 
of the hot water being abstracted by the feed-pumps to 
supply the boilers. The very remarkable and ingenious 
apparatus, known as Giffard's patent injector, although per- 
haps well suited to take the place of the ordinary feed- 
pumps in stationary or locomotive-engines, does not appear 
to have given satisfaction in the case of the few marine- 
engines where it has been tried in this country ; its action 
being unquestionably rendered capricious, if not altogether 
stopped, by the use of hot water for the feed. 
Marine Tne machinery of a sea-going steamer should be as simple 

engines in design, and possess as few moving parts, as possible. In 
should be all vessels designed for long voyages, as well as in those 
•^P^*- which are intended for foreign stations, it is much better to 
dispense with new and ingenious contrivances for saving infi- 
nitesimal quantities of fuel, than to run any risk of derange- 
ment. During a long run, as from Aden to Australia, for 
instance, the chances of derangement of the machinery are 
much increased by the mere inability to make the usual 
adjustments demanded by ordinary wear and tear ; and it 
is surely wise to avoid the additional risk attending a great 
multiplicity of parts, the &ilure of any of which may cause 
the stoppage of the engines. When we consider that a 
lar^e pair of engines may very possibly have five hundred 
different centres all in motion at once, and that each of 
these parts is making a thousand rotations, or double oscil- 
lations, each half hour, for twenty days consecutively, it can 
scarcely be wondered at that accidents should occasionally 
happen. But allowing that everything goes well with this 
complicated machinery, it is not by the use of such finical 
refinements of mechanism that any great saving of fuel can 



be effected (for this is the main point aimed at), but rather Steam Na. 
by the careful and judicious management of the boilers and vigetion. 
engines. The fortunate selection of a good chief-engineer ^""^s/^^ 
for the vessel will generally effect more saving in fuel than 
the most ingenious and expensive '' modem improvements." 
These remarks are not intended to apply to the obvious 
advantages obtained by superheating the steam, large ex- 
pansion, careful clothing (or jacketing) of the cylinders and 
steam-pipes, &c., which do not add much to the complexity 
of the engines. 

The tendency of modern practice is to run the pistons Large 
of steam-engines at a much higher speed than formerly, bearings 
This is more especially the case with screw-engines, whose necessary, 
pistons frequently nm at the rate of 400 feet per minute, 
in place of Watt's old rule of 220 as a maximum. Although 
theory does not impose larger dimensions on the moving 
parts of a machine on this account, it is found in prac- 
tice that the shafts of screw-engines running at a high 
velocity must be considerably increased in size to avoid 
accident. This arises partly from the increased momentum 
of the parts in motion ; partly from the greater tendency 
of the bearings to heat from friction ; and partly from the 
more rapid wear and tear of the brasses and sockets, by 
which the accurate fitting of the parts is destroyed, and 
these are consequently subjected to unequal jerks and 
strains. The simple remedy for such disorders is to en- 
large the main shafls and bearings, the latter being also 
made unusually long, so as to diminish the effects of fric- 
tion and wear and tear. 

The iron shafb of marine engines revolve in sockets or Linings of 
bearings lined with brass or gun-metal. These give rise bearings, 
to little friction, but as their wear is rapid, they require 
frequent attention to keep the lining screwed up to the 
neck of the shafl, and they must be renewed when much 
worn. In the case of screw- ships, where the bearings of the 
screw-shaft are not readily accessible, this rapid wear occa- 
sions much inconvenience, and can only be counteracted by 
largely increasing the bearing surfaces. Bearings lined with 
lignum viUs are found to be subject to exceedingly little 
wear or friction. A plan has been therefore adopted of 
fitting these bearings with rings of lignum vita alternating 
with rings of gun-metal, which answers very satisfactorily. 

Before leaving the subject of shafts, it may be remarked DeteHora- 
that these, whether paddle or screw, appear liable to dete- tion of 
riorate by continued use, and finally to give way, some- shafts, 
times suddenly, but ofrener gradually. It is contended by 
some that the iron of which they are formed has a tendency 
to lose its toughness, and assume a crystalline texture, 
from long exposure to the shocks and vibrations to which 
all such shafts are subject. Having had very many oppor- 
tunities of observing broken shafls, the author does not hold 
with this theory, but thinks the following explanation to be 
more probable. It is allowed to be a dimcuU operation 
to make large shafls perfectly sound in the centre, where 
the bars of iron of which they are built up are not always 
thoroughly welded into one homogeneous mass. These 
imperfections, when they exist, are of course not visible on 
the outside, nor do they seriously affect the strength of the 
shaft at first ; but as the continued jarring and twisting goes 
on from year to year, they become more and more deveU 
oped, and the shafl becomes loose in the centre, acquiring a 
'* reedy'' structure, which gradually extends to the surface. 
A fracture then takes place, if the crack be not observed 
and the shafl renewed. 

The efficient lubrication of the bearings and other work- Labrica- 
ing parts of the engine with oil or melted tallow is a ma- tion of the 
terial point to be attended to, both as regards the smooth macbinerj. 
working of the machinery and its preservation from injury. 
From want of this simple precaution the bearings get 
strongly heated by tlie friction, and may either be damaged 
by the consequent expansion which takes place, or else 
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cracked by the cold water which is usually poured on them 
from a hose, to cool them down ^gain. Self-lubricating 
apparatus is preferable for this purpose, wherever it can be 
applied, as it is both more economical of oil and more cer- 
tain in its operation. Although compactness in an engine 
is desirable within certain limits, this should never be car- 
ried to such an excess that the engineer b unable to get 



conveniently about his engine while it is at work, in order Steam Ka. 
to lubricate the parts, and tighten brasses and packings. vigatioD. 

Every chief engineer of a steam-ship should be furnished ^*^^\/'^ 
with a printed form of Engineer's Log to be filled up by Engineer's 
the engineer in charge during each watch of four hours. ^S* 
It should be arranged in a manner somewliat similar to the 
annexed form :— 
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Steam-vessels are propelled either by paddle-wheels or 
screws. 
Paddle- 1. Paddle- WHEELS. — There are two kinds of paddle- 

wheel; wheels in general use in this country, namely, the common 
wheel, and that with feathering floats. The common pad- 
dle-wheel, notwithstanding many attempts to supersede it, 
still maintains a high place as a simple and efficient pro- 
pelling agent ; the faults which have been attributed to it 
its defects being, it is believed, more apparent than real. When a 
nre more steam-vessel is moored in a harbour and prevented from 
moving, or when first commencing motion after having 



apparent 
than real. 



been at rest, the defects of the common paddle-wheel ap- 
pear to be very great. The paddle-boards, on entering the 
water, press obliquely down into it, tending to raise or lift 
the vessel up out of the water with a force which produces 
no useful effect. Again, when the paddle-board is leaving 
the water, it seems to do little more than raise or drive the 
\iater upwards in the 
furm of back-water. 
It is only, there- 
fore, in the middle ol 
its path that the pro- 
pulsion of the paddle 
seems to be exerted 
in forwarding the 
boat, and that only for ^ 

a short time. A large „s:^^g 
part of the force of the 
steam - engine seems 
thus to be expended 




cal conditions of a paddle moving forwards and in a circle at Its actual 
the same time renders this plain. The paths described by motion, 
the boards are trachoidal curves, being of the family of the 
cycloid ; and from the study of the motion actually per- 
formed by the paddle-board of the common wheel, it is seen, 
first, that the board is inserted into the water in an angular 
position resembling closely the entrance of an oar into the 
water ; secondly, that it is then made to act horizontally 
on the water during a short interval ; and thirdly, that it is 
withdrawn from the water edgeways, with an easy and 
graceful movement. 

When the paddle-wheel is either badly proportioned, Feathering 
immersed too deep in the water, or attached to a veryP»<idle 
slow boat, its action becomes much impaired or impeded. ^^^* 
Hence much attention has been devoted to the construc- 
tion of a paddle that should be more effective in these un- 
favourable circumstances than the common wheel. Some 
of the contrivances invented for this purpose have fisuled 
for want of perception of the precise motion it was neces- 
sary to give to the paddle-board ; others from the complexity 
of the mechanism employed. In the year 1829 a patent was 
granted to Elijah Galloway for a paddle-wheel with mov- 
able boards, which patent was purchased by Mr William 
Morgan^ who made some unimportant alterations in the 



Fig. SS. 
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in wdsing the vessel, and in elevating the back-water, and 
only a small portion in carrying the ship forward. 

This is the case of a vessel at rest, or not m rapid motion ; 
but the phenomena of a paddle-wheel revolving when the 
vessel is in motion differ essentially from the phenomena 
of a wheel revolving on a vessel at rest. When it is just 
starting, or as yet moving very slowly, the evils here men- 
tioned do in some degree take place ; but by the motion of 
the vessel forwards (which is the result of the revolution of 
the piddles), the faults complained of are at once remedied, 
and the paddle-float of a common wheel in a quick vessel 
is virtually " feathered" as perfectly as the most practised 
fower could feather his oar. A little study of the geometn- 




FIf.86. 
Featherinf Paddle>whei>1. 

mechanism. This, called the feathering paddle-wheel, is 
represented by the above wood-engraving (fig. 26), by 
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Steam Na> Inspecting which it will be seen that a distinct feathering 
▼igatioo. movement is imparted to the boards on entering and leaving 

N^»V'«^ die water. This movement, it will be observed, is derived 
from the excentric motion of the periphery of the second 
paddle-centre, to which are hinged the long rods that com- 
municate the desired movement to the boards turning on 
pivots. Wheels made on this principle, though consider- 
ably heavier and more expensive than the common paddle- 
wheels are very frequently preferred for sea-going steamers 
subject to much variation of draught. They have been 
known to improve the average speed of a steamer by more 
than a knot an hour, and they are always accompanied 
with less vibration than the common paddles. 

The '* slip" of the paddle-wheel, by which is meant the 
excess of its velocity above that of the vessel, may be gene- 
rally taken at ^rh (or 16^ per cent.) of the vessel's speed 
when the wheel is well proportioned, and the vessel toler- 
ably fast. Feathering wheels have less slip. 

The captains of steamers are frequently both surprised 
and disappointed to find how powerless their vessel is to 
drag a stranded ship off* the shore, even when the whole 
power of their engines is exerted for this purpose. A slight 
consideration of the subject will show that the requirements 
of such a case are very unfavourable to the proper develop- 

Ezplana- ment of the power of a steamer. We will suppose a vessel 

tlon. fitted with a pair of paddle-wheel engines of 600 horse- 

power collectively. The diameter of each cylinder will 
then be, say, 80 inches, and the stroke 6 feet The length 
of the crank will therefore be 3 feet, driving a paddle-wheel 
of, we will suppose, 28 feet eff*ective diameter, reckoned at 
one-third of the depth of the boards from their extreme 
edge. When the piston of each engine alternately arrives 
at the top or bottom of its stroke, that engine is then power- 
less, and the whole of the work devolves upon the other 
engine, which is then at half-stroke, with the crank nearly at 
right angles to the thrust, and therefore in the most advan- 
tageous position for transferring the power. By bringing 
the pistons of both engines to f stroke, we obviously im- 
prove upon this, for now both engines are assisting to turn 
the shan, though acting at a reduced leverage in the pro- 
portion of 3 feet to 2' 1 5 feet nearly. By calculating the pres- 
sure upon the two pistons, we find the statical power exerted 
by the engines (the one pushing and the other ptdling); hut 
as the thrust thus found is transmitted by a lever of the 
second order, the short arm of which is the crank, and the 
long arm the radius of the paddle-wheel, it is necessarily re- 
duced in the inverse ratio which these bear to each other, or 
as 14 : 2*15. The calculation would then be as follows : — 

cylinders) = 221-166 lb. = 98*75 tons total pressure on pistons. 
Then as 14 : 2-16 : : 9875 : 15-16 tons. 

This being further reduced by 20 or 25 per cent for the 
friction of die machinery, working the air-pumps, &c., 
leaves scarcely eleven tons of thrust available for starting a 
weight, or dragging a stranded vessel off the shore, by a 
steamer of 500 nominal horse-power. 

A similar calculation made for screw-engines shows a 
like result. 

Definition 2. Screw- Propeller, — A screw as .used for propelling 

of a screw, vessels may be de- 
fined as a metal 
plate wound, edge- 
ways, round a cylin- 
der or spindle, as 
shown in the accom- 
panying sketch (fig. 
27 a), which repre- 
sents one full turn 
of the common screw. Fig. v a. 

This would be a single-threaded screw, but it is evident 
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that two, three, or more threads, if kept uniformly parallel 
to each other, may in the same way be wound round the 
spindle without interfering with each other. We should 
thus have a two-threaded or a three-threaded screw, the 
former being chiefly used for propelling in the navy, and 
the latter in the merchant service. Th6 whole length of 
one complete turn of the screw, measured in a straight line 
along the spindle, is 
called the pitch of the 
screw. In the preceding 
engraving, therefore, 
the pitch is measured 
by the length of the Fif.«7 6i 

spindle (fig. 27 a), since the thread makes one complete 
turn upon it. It is also apparent, that if this screw were 
turned once round in a piece of sofl wood (in the same 
manner as a carpenter's screw), it would advance through 
the wood the exact distance between the cut ends of the 
thread, which (we have seen) is the pitch. Hence, by the 
pitch of a screw, we understand always its linear progres- 
sion for one revolution, and the speed of the screw is mea- 
sured by multiplying the pitch into the number of revolu- 
tions. If the screw were working in a solid, the speed 
thus found would give its actual linear advance ; but as it 
revolves in water, which is a yielding medium, the water 
gives way to some extent, and the screw does not advance 
the full amount of its pitch, this deficiency in its progress 
being called the slip of the screw. 

Now, if the screw represented by fig. 27 a be cut into 
several portions by planes passing across it at right angles 
to the axis, each of these sections would have the appear- 
ance of the vane of a windmill. If the screw were two- 
threaded, the vanes or '* blades,* as they are called, would 
be exactly opposite each other, as shown in fig. 27^9 
or as in the annexed sketch, fig^ 28 6, which repre- 
sents a two-bladed screw as used in propelling. The 
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screw here represented is about one-sixth part only of 
the whole length, or pitchy of the full turn of the screw 
shown by fig. 27 a, this small fraction of the pitch being 
found sufiicient to absorb the whole power of tne engines, 
so that any greater length of screw would only be hurtfiil 
by causing unnecessary friction, as well as by increasing 
the size of the aperture in which it works. By the length 
of the screw, therefore, is meant the fraction of the pitch 
employed, measured along the axis of the screw. By the 
DIAMETER of the screw is meant the diameter of the circle 
described by the extremities of the blades during their 
revolution. 

The effect produced in propelling the ship will be best Action of 
understood by supposing the screw represented by fig. 27 a, ^^ •^"^^ 
to be revolving rapidly in a trough full of water. It would |° P">P®*' 
then send the water away from it with great force ; but as ^^' 
action and reaction are equal, it would be itself, at the same 
time, urged in the opposite direction with exactly the same 
degree of force. If we suppose it, then, to be fixed in a 
ship, the ship will be pushed forward with the same force 
that is exerted by the screw in pushing hack against the 
water. If the screw is made to revolve in tlie opposite 
direction, the converse of this takes place, and the ship is 
then pushed backwards by the reaction of the screw. 
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Steam Ka- The screw-propeller has been subjected by would-be in- 
vigation. ventors to an endless variety of form ; but these have gene- 
~ ' rally shown themselves more or less inefficient according 
as they may have departed from the principle of the true 
screw. The first patent of any interest connected with 
this subject is that of Mr B. Woodgroft, taken out in 1832, 
for an *• increasing pitch" screw-propeller. His specifica- 
ol^iar ^^^ **°" describes *' A spiral worm-blade or screw coiled round 
a shafl or cylinder of any convenient length and diameter, 
in such form that the angle of inclination which the worm 
makes with the axis of the cylinder continually increases, 
and the pitch or distance between the coils or revolutions of 
the spiral continually increases throughout the whole length 
of the shad or cylinder upon which the spiral is formed." 
Mr Woodcroft*8 idea, that the afler-part of the screw would 
thus be made to act with increased efficiency upon the 
water which had been previously acted upon by the fore- 
most part, is undoubtedly correct in principle* and had a 
full turn of the thread been found necessary for propelling 
(as was at Brst thought), this plan would probably have 
been found practically advantageous ; but when the length 
of the screw was cut down by Lowe to one-sixth part of 
the pitch, very little scope was affi^rded for Mr Woodcroft's 
refinement, and it has proved to be really of little or no value. 

Mr F. P. Smith's patent was secured in 1836 for ''a 
sort of screw or worm made to revolve rapidly under water 
in a recess or open space formed in that part of the afler- 
part of the vessel commonly called the dead rising or dead- 
wood of the run.** Mr Smith's original drawings showed 
a screw with two whole turns of the thread, which was after- 
wards altered in 1839 to one whole turn. 

Mr James Lowe obtained a patent in 1838 for a screw- 
propeller formed of '* curved blades, each a portion of a 
curve, which, if continued, would form a screw." The 
drawings attached to his specification show a shaft with one 
blade, a shafl with two blades, and a shafl with four blades. 
The screw-propeller now generally used (see fig. 27 6, and 
fig. 28 6), may be considered as a combination of Smith's 
screw and Lowe's blades, its present form having been in a 
great measure determined by the series of experiments 
with the Rattler in 1844. (See page 132 ) 

Griffith's screw-propeller, first patented in 1849, is 
probably the best modification of the common screw which 
nas yet been produced. Its principal feature consists in the 
employment of alarge sphere occupyingthe central portion of 
the screw. The second peculiarity of Griffith's screw consists 
in the peculiar form of the blades, which, unlike those of the 
common screw, are larger towards the centre, and tapering 
towards the extremities. The extremities of the blades 
are curved from the front or propelling side towards the 
vessel, which causes the screw to take a greater hold of the 
water, and drive it towards the inner or central portion, 
which, in Griffith's screw, is the most effective part 

This propeller is represented in its simplest form by the 
wood-engraving (fig. 28 a), and as recently improved by 
the annexed engraving (fig. 29.) It will be seen that this 
propeller consists of three main parts, viz., the boss which 
is keyed on to the screw-shafl in the usual manner ; and 
the two blades, which have turned shanks fitting into bored 
recesses in the boss. Each blade is retained in its position 
by a key, which is adjusted into its place after the blade has 
been inserted and turned in its socket about ninety degrees, 
or until the arrow marked on the fiange points to the pitch 
which it is desired the screw shall have, o^ which several 
have been previously measured, and marked upon the screw. 

When Griffith's screw was first introduced, it was ex- 
pected that great advantages would result from an arrange- 
ment in its construction (which it shared with Maudslay'b 
feathering screw), by which the pitch or angle of the blades 
could with facility either be increased, diminished, or ^' fea- 
thered" during Uie voyage, to suit the varying exigencies 
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of a steam- vessel at sea. Experience, however, has Steam Ksr 
proved that the risk of derangement incident to the ma- vigation. 
chinery requisite for this purpose is too great to admit of ^^^v^^ 
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Grifnth»8 Improred Patent Scrow-piopcller. 

practical success, and also that the advantages to be ob- 
tained by such an arrangement are fiir less than was sup- 
posed. The use of screws to feather at sea has, therefore, 
been very generally abandoned. It will be observed, by Advan- 
looking at the engraving, that the blades of Griffith's screw Uges of 
are quite distinct from the boss, into which they are in- Griffith's 
serted and keyed in such a manner that their angle or pitch *^^'^^' 
may be altered and fixed before the voyage, though not at 
sea. The use of this arrangement is, that the engineer may 
find out experimentally the particular pitch of his screw 
which is most suitable to the engines and ship, experience 
having shown how very difficult a thing it is to hit upon 
the right pitch by previous calculation alone. Another ad- 
vantage resulting from this arrangement is, that when a 
blade is accidentally broken, it can be replaced without 
having to remove the centre part, which in Griffith's form 
of screw is tolerably safe from injury. It is unnecessary, 
therefore, to carry a spare screw, but only a couple of 
blades. When the ship is placed under canvass alone, the 
screw is brought into a position with the blades vertical, 
in a line with the stern-post, when little resistance is offered 
to the water. Although Griffith*s screw cannot be said to 
have shown any very decided superiority in speed over a 
common screw of the best form, it is certainly not inferior 
in this respect, while it is attended with less vibration, is 
less affected by a rough sea, and is more manageable under 
canvass from offering less resistance to the water, and less 
obstruction tOvthe firee action of the rudder. 

When the common screw is employed in merchant- Cominon 
steamers, a three-bladed screw is usually preferred, since screw, 
tliis causes less vibration, and gives a steaclier motion in a 
rough sea than the two-bladed screw. The resistance jj^^gi^fi^,^ 
which such a screw occasions to the vessel, when sailing to sailing, 
under canvass alone, is very serious, in addition to the diffi- 
culty experienced in steering ; and it is found in practice, 
that but little advantage is gained by disconnecting the 
screw from the engines, and lettini; it revolve in its bear- 
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Na^ ings, m preference to dragging it through the water. 
▼igatioD. Hence, in the case of steamships which depend much 
^^^V^^ upon their canvass, one of three remedies must be adopted : 
namely, the screw must either be hoisted bodily out of tlie 
water ; it must be feathered ; or, thirdly, such a form must 
be employed (as Griffith's two-bladed screw, for instance), 
which will not interfere much with the sailing and steering 
of the ship, when the blades are placed vertical, and the 
screw left down in its 

Hoisting place. The hoisting scre^ 

*cnw. has been adopted 

rally for war-steamers, 
which are supposed 
make great use 
sails, and which have a 
larger number of men 
available for quickly hoist- 
ing and lowering it. The 
annexed engraving shows 
the manner in which this 
is effected in the royal 

Deserip- navy. A is the screw 

Won. (of gun-metal) ; B is the 

hoisting-frame (also of 
gun-metal)which lifts the 
screw, with its bearings, 
bodily out of the stern- 
frame of the ship ; C is 
a gun-metal rack, to hold 
the hoisting-frame at any 
portion of its ascent ; D 
is the chain and pulley 
used in hoisting ; £ is 
a clutch upon the screw- 
shaft, to enable the screw 
to be disconnected, and 
rise when brought into 
a vertical position ; F is 
the gun-metal lining of Fif.lo. 

the screw-shaft, which passes water-tight through the inner 
stern-post I ; G is the iron screw-shaft ; H is tlie outer 
stern-post ; K is the " trunk" through which the screw is 
raised to the main-deck, when the blades are brought ver- 
tical. 

Having now seen what are the principal forms of screw- 
propellers in general use in this country, let us briefly ex- 
amine some of the qualities inherent in the screw itself. 

Panctions 1. Pitch. The question between the relative values of 

of the pitch fine and coarsely pitched screws still remains, in a great 

of a screw, measure, undecided. In fact, our experience hitherto has 
only tended to show, that nothing but actual trial of dif- 
ferent pitches can satisfactorily establish the best pitch of 
screw for any particular vessel. The points to be con- 
sidered in reference to this in(|uiry are so numerous and 
complicated in their bearings upon each other, tliat they 
utterly defy previous calculation of tlieir effects ; some 
vessels giving the best results with coarscly-pitched screws 
running at a low speed, while other vessels, not very dis- 
similar, attain their highest velocity with a finely-pitched 
screw running fast. It is generally acknowledged, how- 
ever, that a coarsely-pitched screw is the best for a vessel 
with fine after-lines, and a finely-pitched screw for vessels 
with full stems. The form of the after-lines has un- 
doubtedly a very great influence on the most advantageous 
pitch of screw for that particular ship, depending on the 
amount of " back-water" in which the screw works, and the 
velocity with which it follows the ship. It is by no means 
an uncommon thing for one vessel to gain a knot an hour 
by an alteration of the pitch ; while in the case of another 
vessel, perhaps, do improvement is effected by a similar 
alteration. 




2. Diameter. This is made simply as great as the draught Steam Na- 
of water will admit. In sea-going steamers the top of the ▼4g»tion. 
screw should be submerged about 18 inches or 2 feet at ^^•^^-^ 
the average trim, to allow for the undulations of the sea. Diameter. 

3. Area and Length. By the area of the screw is gene- Area and 
rally understood the plane projection of the resisting sur- length, 
fiice of the blades. In the experiments made with the 
Dwarf, it was found that the speed of the vessel remained 
almost a constant quantity, although the length of her 

screw was successively diminished from 2 feet 6 inches to 
1 foot, the area corresponding to each of these lengths 
being respectively 22*2 and 8*96 square feet. The slight 
improvement which did take place in the speed of the boat 
attended the diminished area. It seems at first sight ex- 
traordinary that so great a variation in the resisting surface 
should cause so little disturbance either in the speed of the 
engines or of the vessel, thus showing plainly how small a 
segment of the whole pitch is required to absorb all the 
power which the reaction of the watei is capable of im- 
parting, any extra length of screw beyond this point only 
retarding by friction. The Rattler's experiments were in 
the same way commenced with a screw 5 feet 9 inches 
long, which was gradually shortened until it reached its 
point of maximum effect at 15 inches only. It is now a 
common practice to make the length of the screw ^th of 
the pitch. 

4. Slip, The apparent slip of the screw def>ends upon a Slip, 
great variety of circumstances. It is modified by the dia- 
meter and by the speed, being generally found to diminish 

as these increase. Thus, the diameter of the Rattler's 
screw, during her experiments, was 10 feet, and her ave- 
rage slip 15 per cent. ; while the Dwarf and Fairy, with 
screws of 5 or 6 feet diameter, show an average slip of 
about 35 per cent. The form of the after-lines of the vessel 
has a very notable effect on the apparent slip of the screw, 
which must not be regarded as a measure of the efficiency 
with which the propeller is acting. On the contrary, many 
vessels whose lines are most unfavourable for speed show 
an exceedingly small slip of the propeller ; and in some 
instances of this kind there is not on]y no slip apparent, but 
the screw has actually what is called negative slip, which 
implies that the vessel is going faster than the rate at which 
the screw which propels it would advance if working in a 
solid. This curious and paradoxical result is due to the Nen^ative 
current which all ships, more or less, but especially those slip- 
with full stems, carry in their wake ; and since the screw 
acts in this current, the apparent slip will be positive or 
negative in proportion as the real slip, or the velocity of 
the current, may preponderate ; but in every case the screw 
must have some slip relatively to the water in which it 
acts. Suppose, for instance, that a badly formed ship has 
u current of water following in its wake, and closing in upon 
the screw at a velocity of 4 miles an hour, while the real 
slip of the screw is but 3 miles an hour, the result will be 
that the screw will show an apparent negative slip of 1 
mile an hour. It must not be supposed that in such a case 
the power of the engines is economically applied, for, in 
fact, much power is uselessly consumed in dragging this 
current of water after the ship. The same apparent dimi- 
nution of slip is always found when the vessel is advancing 
with a tide or current. Anomalies of this kind most fre- 
quently occur in auxiliary screw-steamers, where the vessel, 
after attaining a high velocity by sails alone, still continues 
to receive a propelling thrust from the screw, even after the 
speed of the latter appears to be less than that of the vessel. 

In order to give the reader some perception of what Triab of 
really are the conditions of the screw most conducive to screws in 
speed in the vessel, I have selected the trials of twelve ^^•^''^** 
different screws made in the same vessel, the Rattler, 
arranging them in the order of their relative efficiency, 
beginning with the lowest. 

s 
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1. With a foar-threaded Wooderoft's increasing pitch scirew, 
9 feet diameter. 1 foot 7 inches long, and the pitch rarying from 
11 feet to 11 feet 6 inches (mean 11-275), the speed of the vessel 
was 8*159 Icnots; the engines making 24-15 revolutions per minute, 
and the screw 96 — slip, 23*5 per cent. 

2. With a three-threaded common screw, 9 feet diameter, 3 feet 
long and 11 feet pitch, the speed of the vessel was 8*23 knots ; the 
engines making 24*2 revolutions, and the screw 94'3'Slip 19-66 
per cent. 

3. With Sunderland^s propeller, 8 feet in diameter, the speed of 
the ship was 8'38 knots ; the engines making 17-49 revolutions, 
and the screw-shaft 69-97. 

4. With the same screw as No. 2, reduced in length to 1 foot 
7i inches, the speed of the vessel was 8-57 knots ; the engines 
making 24-8 revolutions, and the screw 98*4— slip, 197 per cent. 

6. With the same screw as No. 1, but with two of the blades cut 
off, the vessel's speed advanced to 8*63 knots ; the engines making 
27*07 revolutions, and the screw 107*5 — slip, 25*97 per cent. 

6. With a two-threaded common screw, 10 feet diameter, 3 feet 
long, and 11 feet pitch, the speed of the vessel was 8 958 knots; 
the engines making 24 revolutions, and the screw 95 — slip, 13-8 
per cent. 

7. With a four-threaded common screw, 9 feet diameter, 1 foot 7 
inches long, and 11 feet pitch, the speed of the vessel was 9*18 
knots ; the engines making 26 3 revolutions, and the screw 104*4 — 
slip, 27*7 per cent. 

8. With a two-threaded common screw, 9 feet diameter, 3 feet 
long, and 11 feet pitch, the speed of the vessel was 9*25 knots; the 
engines making 26*8 revolutions, and the screw 106 — slip, 19*5 per 
cent. 

9. With the same screw as No. 6, shortened to 2 feet, the vessers 
speed increased to 9*448 knots; the engines making 25*5 revolu- 
tions, and the screw 107 — slip, 13-5 per cent. 

10. With the same screw as No. 6 further reduced in length to 
1 foot 6 inches, the speed of the vessel was 9-811 knots ; the engines 
making 27-92 revolutions, and the screw 110*7 — slip, 18-3 per cent. 

11. With the same screw as No. 2 further reduced in length to 
1 foot 2 inches, the speed of tJie vessel was 9*88 knots; the engines 
making 27*39 revolutions, and the screw 108*4 — slip, 15*97 per 
cent. 

12. With the same screw as No. 6 further reduced in length to 1 
foot 3 inches, the speed of the vessel increased to 10*74 knots; the 
engines making. 26*19 revolutions, and the screw 103*97 — slip, 
10*42 per cent. 

Trials made with her Maje8tt/$ Steamer Flying Fish. 
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Ft. in. 
11 
11 
13 2 
13 2 
13 U 
13 1^ 
13 li 
13 11 
13 li 
13 li 


Ft. In. 
21 4 
21 4 
2Q 
20 
19 

17 

16 
15 

18 
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No. 

82 

79J 

75 

74J 

7U 

77J 

77i 

83 

75J 


Knots. 
17*263 
16*737 
14*802 
14*704 
13-406 
13*00 
12197 
12*286 
13*411 
1300 


321 
32i 
20f 
21 

161 
101 

4| 
3f 

Hi 


B.?. 

1302-26 
1164*86 
1166*76 
1160-60 
1198-66 
1287-00 
126500 
1358-80 
1226*20 
1265-80 


Knots. 
11585 
11-298 
11-736 
11-603 
11-284 
11-640 
11.568 
11*832 
11461 
11-552 



Trials of A very interesting series of experiments has been re- 
screws in cently made with the screw- frigate Doris, to determine the 
tht Doris, most suitable form of gcrew-*propeller for our steam-vessels 
of war. The following is a resum6 of the principal results 
arrived at, the first five trials having been made with the 
common or admiralty screw, and the last three with Grif- 
fith's propeller. The engines of the Doris (by Messrs J. 
Penn and Son) are of 800 nominal horse-power. The 
draught of water while under trial was kept constant at 
about 19 ft. 6 in. forward and 21 ft. 9 in. aft — exact mean, 
20 ft. 6 in. ; giving an immersed midship-section of 7421 
square feet. Pressure of steam in boilers, 20 lbs. ; indicated 
horse-power, about 3000. The first trial with the admiralty 
screw was with a diameter of 18 feet, the vessel's speed 
being 1 1*823 knots. On the second trial, witli the diameter 
increased to 20 feet, the speed realized was 11-826 knots 



with a great increase of vibration ; steering imperfect On Stoam Ka- 
the third trial, the *' leading" comer of each blade was cut vigation. 
off, and in this form the common screw attained its greatest ^^-^^/^^ 
speed, giving a result of 1 2*032 knots, with 60 revolutions 
of engines per minute, and 2884 indicated horse-power ; 
vibration reduced, and steering good. On the fourth trial, 
both the corners of each blade were cut off, so as to assimi- 
late the blades to Griffith's form, when, with a greater num- 
ber of revolutions, the speed fell off to 12*012 knots. In 
the fiflh trial, with the ** following " comer of each blade 
cut off, but the screw restored to its perfect form in every 
other respect, a result of 11 *8 15 knots was obtained. The 
common screw was then removed, and the next trial was 
made with Griffith's propeller, 20 f^et diameter and 32 feet 
pitch; this gave a result of 11*981 knots, there being 
scai'cely any vibration, and the ship steering well. The 
second trial, with the same Griffith's propeller, having the 
blades set at 26 ft. 6 in. pitch, gave a speed of 12*269 
knots, being the highest of the series ; steering perfect, and 
no vibration perceptible ; indicated horse- power, 3091. The 
third trial of Griffith's 20- feet screw, with the blades set at 
a medium pitch of 30 feet, gave 12*158 knots. 

Several important points connected with the screw-pro- Resalto ot 
peller seem to have been proved by these triab — li/, That Doris's 
the leading edge of the screw is the part that mostly affects ^^^ 
the steering of the ship, and also causes the greater part of 
the vibration ; 2c?, That increased diameter of the screw is 
better than increased pitch for reducing the speed of the i 
engines, but it considerably increases the vibration with the 
common screw $ whereas with Griffith's it did not produce 
that effect, in consequence of its chief pro{)eHing surface 
being towards the centre. The common screw, when its 
blades are cut to the form of Griffith's, is not so effective as 
when the centre sphere is applied to them. The power 
required to obtain the same speed was very much the same 
for both screws. The latest experiments also prove the 
superiority of screws with three or four blades over those 
having two only, both as regards speed and vibration. 

Now that the engines and boilers of a steam-vessel of 
war may be rendered practically invulnerable by armour- 
plating, it becomes a matter of the greatest importance that 
the propeller also should be adeouately protected from an 
enemy's shot. To effect this with the ordinary screw-pro- 
peller is, J fear, an impossibility, since any shield or covering 
of thick iron plates, which colI J form a real protection, would 
materially interfere with the progress of the ship through the 
water ; nor could the screw revolve in a toell without a serious 
loss of power. The only available expedient is tlierefbre 
to submerge it as much as possible by reducing its diameter. 
In this dilemma it seems at least worthy of a trial whether 
the water-jet propeller (as hereafter described) might not 
be found suitable for some of our armour-plated ships, 
since this propeller can not only be completely protected, 
but would also become available for steering the ship in 
case of the mdder being disabled. 

Official explanation of the Table of Results of Trials 

made in her Majesti/s Screw-ships^ pages fl42> 143.J 

« The numbers in the last two figure-columns of the table show 

approximately the relative excellence, in respect of speed, of the 

forms of the various vessels, conjointly with the relative efficiency 

of the propeller, as adapted to each of them. 

** The formulsB by which the calculations are made are founded 
on the assumption that the resistance of a vessel varies as the 
square of her velocity, and, therefore, that the power required to 
produce that velocity varies as the cube, and that the usual effect 
of the engine — that is, the effect which remains after deducting the 
power absorbed in overcoming friction, working air-pumps, Ac. — 
bears a constant ratio to the power developed in the cylinder, 
known by the term * Indicated horse •power.' The resistance is, 
in the first of these columns, ^umed to vary, cwterii pcurUms, aa 
the area of the midship -section, and in the last column as the square 
of the cube-root of the displacement. 
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" None of these istninptions, however, more eipeciallj the lait 
two, are absolutely correct, but probably tbey are not so far from 
the truth as to render useless and uninteresting a comparison, of 
^ which thej are the basis, made between the performances of any 

two screw-vessels ; while between two vessels which do not mate- 
rially differ in engines and displacement, or in the area of their 
midship-sections, such a comparison is not only highly interesting, 
but it may prove of great value in pointing out the forms of ves- 
seb and proportion of propellers which ought to be adopted. In 
some striking cases it is scarcely necessary to make any other 
comparison than that of speed. For example, as may be seen in 
the table printed in 1850, the Teaser, after her form had been im- 
proved, went above a knot an hour faster with 40-horse engines 
than she had previously gone with engines of 100 horse-power. 
Again, these engines of 100 horse, when transferred to the Rifle- 
man — a vessel approaching to double the tonnage — drove her, 
after her form had been altered, as fast as she was previously 
driven by engines of double the power, and nearly two knots faster 
than the same engines drove the smaller vessel before the alter- 
ation of her after-body. — Admiralty, August 1866.*' 

Ruthven's The only other mode of steam-propulsion which has been 
water-jet attended with any considerable success is that known as 
propeller. R^thven's water-jet system, in which the propelling power 
is derived firom the reaction, or recoil, of two jets of water 
projected, at a high velocity, from nozzles at the ship's side. 
The first experimental vessel on this principle was built 
by Messrs. Ruthven, of Edinburgh, in 1843, and was tried 
on the Firth of Forth, when it attained a speed of from 6]- 
to 7 miles an hour. This was an iron-boat, 40 feet long. 
The Enter- More recently, in 1853, the Enterprise was constructed on 
prise. Ruthven's principle, for deep*sea fishing, a preference being 

given to the jet propeller in this case, from its being less 
likely to interfere with the fishing-nets than the screw or 
the paddles. The dimensions of the Enterprise are as 
follow : — length of deck, 95 feet ; length on the water-line, 
87 feet ; breadth of beam, 16 feet ; depth, 8 feet; draught 
at load-line, 4 feet; burthen, 100 tons. The propelling 
power is derived from two pairs of horizontal oscillating 
cyhnders, each 12 inches in diameter, and 24 inches stroke 
(condensing), working a vertical shaft There is one cy- 
lindrical boiler, 6 feet in diameter, and 5 feet long, with 
two fire- tubes running through it, each 22 inches diameter, 
and 105 return fiue- tubes, each 5 feet long, and 2 inches 
internal diameter. The propeller consists of a fan-nheei, 
or centrifugal pump, 7 feet in diameter, with curved blades, 
keyed on the lower end of the vertical crank-shafl ; this 
revolves horizontally in a water-tight casing into which the 
water from the sea flows (along a covered passage), through 
crescent- shaped openings in the bottom of the hull. The 
water is expelled laterally, from the fan-wheel, in two con- 
tinuous streams, through curved pipes with nozzles, 10 
inches in diameter, protruding from the sides of the hull. 
The nozzles turn in collars fixed to the ship's side, so that 
they can be pointed a-stem or a-head, as required, for for- 
ward or backward motion, or downwards, when the vessel 
is to remain at rest. These changes can be made rapidly 
ind easily from the deck, since the nozzles alone require to 
be operated upon, while the engine continues to work at 
full speed. Again, by setting the nozzles in opposite di- 
rections, one pointing a-head and the other a-stern, the 
vessel can be turned on the spot, swinging on her beam 
without the aid of the rudder; and she could thus be 
steered by the nozzles in case of the rudder being lost or 
disabled, the manoeuvring of the vessel being entirely in 
the hands of the officers on deck. The vessel progressed 
very smoothly, without tremulous motion. 

In a trial trip with the Enterprise on the 16th of January 
1854, fi-om Granton to Kirkcaldy, in the Firth of Forth, and 
back, a distance of 10|- miles each way, the speeds ob- 
tained were 9*69 statute miles per hour going, and 9 miles 
per hour returning, giving an average of 9*35 miles per 
hour-^the engine making 50 revolutions per minute. On 
another occasion, she is stated to have made a considerably 



higher speed, the engine making 65 revolutions per minute. Steam Ka* 
The draught of the vessel, during the trial, was 3 feet 2 vigation. 
inches; and the immersed midship-section, 40*5 square feet. ""^^^/"^^ 
The indicated horse-power of tne engine was not known, 
no indicator-diagrams having been taken. In such an 
arrangement, much power is necessarily lost in communi- 
cating to the water which enters the propeller a velocity 
equal to that of the ship, besides a considerable loss firom 
friction, eddies, &c.; but upon the whole, the power of tlie 
engine seems to be applied to considerable advantage. 
Even allowing that the speed attained does not equal that Advan- 
from paddles or screw, the jet-propeller possesses other un- tagesof th« 
doubted advantages which recommend it for special cases, ^***^J*^ 
as for instance, in the Government floating- batteries and ^"^^ 
steam-rams, where the screw and the rudder are pai'ticu- 
larly liable to be fouled by wreck and cordage. It would 
also be preferable to the screw in cases of river-steamers 
of very light draught, where the paddle might not be ap- 
plicable. Several of the large floating fire-engines on the 
Thames have been fitted with this propeller, the water 
being ejected by the powerful steam-pumps with which 
these vessels are fitted. The speed, however, has in these 
cases not proved satisfactory. A steamer, called the 
Albert, propelled on this principle, was placed on the 
Rhine, as a passenger-boat, a few years since, but did not 
attain a speed proportional to her power or consumption 
of fuel. 

It is fi-eouently asked. Whether is the paddle-wheel or Paddle 
the screw tne most efficient propeller ? This question may and scr^w 
now be safely answered, by asserting, that when both are con>P*r«^» 
in their best trim, and both are equally well proportioned 
to the engines and vessel, they are, as nearly as possible, 
equally efficienL It follows, therefore, that tlie preference 
for one or the other, in any particular case, depends entirely 
upon the class oi^ vessel and the nature of her service. 
The objections to the paddle, as com{)ared with the screw, 
may be thus briefly stated, namely, the unequal immersion 
of the wheels, according as the vessel swims Hght or deep; 
the obstruction to the sailing of the ship caused by the 
resistance of the paddle-boxes to the wind; and the dragging 
of the paddle- boards through tlie water when the engine 
power is not used, and the wheels are not disconnected ; 
and, in the case of steam- vessels of war, the exposure of the 
wheels and machinery to an enemy's shot. The advantages 
of the paddles, on the other hand, are, that they are not so 
much affected by the pitching motion of the ship, when 
steaming head to wind, as tlie screw is ; that they do not 
require such a speed of engine (or else gearing) ; and that, 
from the disposition of the weights in respect to the centre 
of gravity of displacement, the movements of the vessel are 
easier than those of a screw-steamer, a matter of conside- 
rable interest to the passengers at least. With regard to 
the screw, its efficiency is but little impaired by variations 
of trim in the ship, but it is most injuriously affected by the 
pitching motion. Its advantages in facilitating the sailing 
of the ship are self-evident, and have been already alluded 
to. In fine, the superiority of the screw for sea-going 
steamers appears to amount to this, that it retains its 
efficacy as a propelling agent under a greater variety of 
conditions of sea, weather, and trim, than the paddles, and 
that it admits of more use being made of the sails and a 
greater display of seamanship in the navigation of the vessel. 
Under proper management, therefore, it appears to be more 
economical of steam-power than the paddle-wheels ; and 
this, it may be remarked, is the actual experience of the 
Peninsular and Oriental Company, whose steam fleet is 
composed of vessels on both principles. 

Having thus briefly considered, firstly, the engine-power 
of the steamship, and secondlv, the immediate propelling 
agents employed to produce locomotion, it will now be 
necessary to view her as a completed whole, and to ex- 
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amine some of the general properties and qualifications in- 
herent in, or demanded by, this complicated structure, as 
well as the relations they severally bear to each other. The 
construction of the steamer's hull will be found amply detailed 
under Ship-Building, so this need not be here adverted to. 

When a steamer is once set in motion, the motion is, of 
course, continued by her momentum, and she would then 
evidently continue to advance at a uniform speed, without 
any more force being applied to her, were it not for the 
opposition of external causes. These external forces which 
she encounters, and which are constantly at work to destroy 
her momentum, and bring her to a state of rest, are tlie 
resistance of the water to her hull, and the resistance of the 
air to her upper works and rigging; the impetus of the waves 
and the winds being exerted sometimes in her favour, and at 
other times against her. The power of the steam-machinery 
is therefore applied to counteract these retarding forces, 
and to maintain a certain amount of progressive motion in 
the ship, depending upon the resistance on the one hand, 
and the power of the engines on the other. 

The resistance offered by the water to the passage of the 
hull must be divided into two parts ; firstly, that due to the 
dividing and displacing of the water, to make room for the 
hull of the ship to pass through, which (according to Mr Scott 
Russell) is analogous to scoopmg out a long trough or canal, 
of the full breadth of the ship ; and, secondly, the resistance 
arising from the friction of the water upon the sides and 
bottom of the vessel. Of these resistances, the first is by 
much the more serious, although the second must not be 
overlooked. The resistance offered to the passage of the 
hull depends mainly upon the area of the immersed midship- 
section of the ship (or its greatest cross-section), but also very 
materially upon the form of the vessel's lines under the water. 
There is considerable discrepancy of opinion as to the re- 
lative value of these two functions of the ship ; one naval 
constructor relying for speed upon a small immersed midship- 
section, while another holds that fine lines for dividing and 
closing the water are still more essential. The lines of a 
ship undoubtedly exert a great influence upon her speed, as 
has been shown experimentally in numerous instances. In 
the case of the Government dispatch-boat, Flying Fish, 
(already referred to at page 132), this vessel, of 1050 tons 
displacement, attained a speed of only 11*73 knots, with 
1166 indicated horse-power. That performance did not 
equal the expectations of the Admiralty authorities ; and 
without making any variation in the other parts of the 
vessel, they added, not a new bow, but an elongated bow, 
18 feet in length, in advance of the original one, to divide 
the water more freely. The result was, that with the same 
draught of water, the velocity of the vessel increased from 
11*73 knote to 12*65 knots an hour. 

Mr J. Scott Russell, in the course of a discussion on this 
subject at the Institution of Civil Engineers,^ has given 
some very interesting results of experiments, all tending to 
show that the shape of the vessel has a very decided in- 
fluence upon her speed, irrespective of her engine-power. 
He relates that he had, on one occasion, the control of 
four timber ships of the same dimensions, the same displace- 
ment, and the same horse-power ; but each had different 
lines, being constructed by different shipbuilders. The 
engines were all alike, being made by the same firm. The 
result was that, upon a run of 16 miles, their several speeds 
were 12^, 12, under 11, and between 10 and 11 miles 
an hour. In another instance, a steamer, constructed to 
\. o both ways, but built with one end finer than the other as 
an experiment, went fully a knot faster one way than the 
other, although the midship section and the horse-power 
were necessarily identical at all times. A third case was 



the following: — Two vessels were built of the respective Steam Na- 
lengths of 190 feet and 186 feet, their breadths being equal, vigation. 
The engines were the same in each, the cylinders being ^^V^ 
48 inches diameter and 4 feet 6 inches in stroke, making 
39 revolutions per minute. The speed attained by the first 
vessel, however, was 15*03 knots, while that of the second 
was but 11*32 knots. The difference in the two vessels 
consisted mainly in the shape, the other and minor elements 
being much in favour of the slower vessel. For instance, 
the faster vessel had 124 feet of midship-section, whilst 
the slower vessel had but 71 feet of midship-section to 
drag through the water. The faster vessel drew 6 feet 
8 inches oi water, whilst the slower vessel drew only 2 feet 
10 inches. The difference in length was only 4 feet, yet 
a radical difference in shape thus reduced the velocity, with 
equal power, from 15 knots to 11 knots per hour. 

Colonel Beaufo/s experiments determined the resist- 
ance of the water to a ship with a square head only, and 
it has since been found that a semicircular or round head 
offers two-thirds of the resistance derived from his formula 

I R = <><^ n~ I > And an eliptical head considerably less.^ By 

making the bow still finer, the resistance had been gra- 
dually reduced to one-sixth, and one-eighth, of that given 
by the formula ; and Mr Scott Russell believes that the 
engine-power required to drive a large vessel through the 
water has now, in some cases, been reduced as low as one- 
twelfth. We learn from the same authority (the highest, 
indeed, which it is possible to adduce on this subject), that 
with a vessel of proper form, measuring about 1500 tons, 
the resistance of a ship can be reduced to 50 lb. per square 
foot of immersed midship section, while steaming at the rate 
of 10 knots an hour. This is the direct resistance of the 
water upon the hull, and Mr Scott Russell asserts that he 
has thus been enabled to calculate confidently, to within a 
quarter of a knot, the amount of steam-power necessary to 
propel a given ship at a given speed, basing the calculation 
upon his own peculiar form of "wave-line," there being 
necessarily a shape for every speed. For instance, when a 
speed of 10 knots an hour was desired, he provided engine- 
power for 501b. per square foot of immersed midship- 
section (exclusive of the resistance of the machinery, which 
brought it up to 65 lb. per square foot), for a vessel of about 
1500 tons, built on the "wave-line" construction. These 
figures, 50 lb. and 65 lb., are grots resistances, and include 
friction of skin. 

With regard to the absorption of power by the friction ofFrictlonal 
the skin, it is a difficult matter to estimate this correctly, but""''*"*^- 
that it must be very considerable is sufficiently proved by 
our every day's experience of how much a vessel will fall off 
in speed by even a slight fouling of her bottom. This 
oflen amounts to a loss of one- fifth of her original speed, the 
engine-power exerted remaining the same ; so that, under 
these circumstances, double the power would be required 
to attain the same speed as before. An iron steamer has 
been known to fall off a knot an hour by her bottom be- 
coming only so rough as the skin of a walnut. The total 
immersed surface of the Rattler's hull has been calculated 
at 7000 souare feet, and according to Beaufo/s experi- 
ments on the friction of immersed surfaces, the resistance 
thus arising would be eight-tenths of a pound per square 
foot for a speed of 10 knots an hour, and nearly 1 lb. per 
square foot at 11 knots. At the speed and friction first 
named, the power absorbed would be equivalent to nearly 
170 i.HJ>., the total i.hj*. of the engines amounting to 
428 H.P. only. In the case of the Himalaya, an im- 
mersed surface of about 18,000 square feet is exposed, the 
friction from which, at a velocity of 13 knots an hour. 



1 See TrantaeUom oflnnituU of Civil Enginun, Session 1856-57. 

S In the formula in the above sentence a represenU the midship section in square feet, « the velocity of the vessel in linear feot per 
second, g the accelerating force of grav ity &= 32|, and w the weight of a cubic foot of tea-water at 6H 11>* avoirdupois. 
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Steam Na- would absorb about 650 i^.P., supposing the bottom to 
vigation. be perfectly clean. 

The consideration of frictional resistance, of course, places 
a limit to increase of length in a steamer, although many 
instances have occurred in which the vessel has gone as 
fast, or very nearly as fast, with die same engines, and on the 
same draught of water, after some 30 or 40 feet have been 
added in midships. The Candia is a remarkable instance 
of this, as will be seen by the following comparison of her 
speed when originally built, and after she was lengthened 
in midships by 33J feet, her load displacement being thereby 
increased about 470 tons : — 
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Although in this instance, from some unexplained cause 
(owing possibly to improved trim, or circumstances of wind 
and sea), it would appear from the trial trips that a con- 
siderable increase of length has been obtained without any 
corresponding absorption of power, there must necessarily 
be a limit where hirther extension of length is more than 
neutralized by increased frictional resistance. 

It is universally admitted that the gross resistances (direct 
and frictional) to which a vessel is subject increase as the 
squat e of the velocity, and therefore, as a necessary conse- 
quence, the power expended in producing this velocity 
varies as the cube of the velocity. For instance, if the 
resistance to one square foot of midship-section propelled 
through the water at 5 miles an hour be 5 lb., then the 
resistance at 10 miles an hour would be four times 5, or 20 
lb. But the latter resistance has acted over double the 
space, so that the result must be again doubled for the 
Relation or measure of the power expended; and hence it follows 
power to that the power exerted must always be in the ratio of 
the cube of the velocity. This rule cannot be expected 
to hold strictly good in all steamers alike, looking to 
the great diversity of form and displacement which exists, 
but in the great majority of cases it is fully borne out in 
practice. Thus, in H.M. screw-steamer Desperate, the 
following relation between power and speed was found to 
obtain : — 
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The Retribution, paddle-wheel steamer, had a speed of 
10-4 knots with 1092 I.H.P., and a speed of 6*22 knots 
with 226 I.HJ*. The Onyx, with 2 boilers and 533 I.H.P., 
realized a speed of 13*16 knots, whilst with one boiler and 
158 I.H.P. the speed was 8*6 knots. The Minx, with 234 
I.H.P., made 9*14 knots, and with 31*6 I.H.P. 4*51 knots. 
These, and many other instances, are all in accordance 
with the rule, that the power and consumption of fuel vary 
as the cube of the velocity. 

The practical value of this rule will be made apparent by 
the following examples : — 

1. If it be wished to find the speed corresponding to a diminished 
oonsamption of fuel for any particular steam-vessel, the calculation 
will be effected thus : — The vessel, we will suppose, has engines 
which propel her at the rate of 12 knots, with a consumption of 36 



-= V». 



tons of coal per diem, and we wish to find the spaed corresponding Steam Na- 
te a consumption of 26 tons per diem ; then — vigation. 

35 : 26 : : 12» : V* (cube of required veloclty> ^^V^^ 

When reduced, 7:6:: 1728 : V» 
As an equation, 6 X 1728 = 7 V; 
or, 8640 

And ^1234 = V» 10-726 knots = V, the required velocity. 

It is thus seen, that by reducing the consumption of fuel by 10 
tons per diem, we lose in this instance about l| knot per hour. 

2. If it be wished to increase the speed of the vessel, on the other 
hand, from 9 to 1 1 knots, and we desire to know the increased con- 
sumption attending the increase of speed, this will be in the propor- 
tion of 9^ to lis, or as the numbers 729 : 1331, or as 1 : 1*826. 
All we have to do, therefore, is to multiply the present consump- 
tion by this latter number. 

3. If a certain steamer consumes, say 220 tons of coal, during a 
run of 1600 miles, performed at the average speed of 11 knots per 
hour, and we wish to find her probable consumption of coal for a 
longer voyage of 2400 miles, at a reduced speed of 9 miles, the 
calculation will then be as foUows : — 

220 tons coal : C (required consumption) : : 11* knots X 1600 : 
O^knotsx 2400 miles. 
Then C x 121 x IGOO = 220 x 81 x 2400; 
or, C X 193,600 = 42,768,000. 

427,680 
Reduced to G = — ■ = 220*9 tons, required consumption. 

It is thus seen that the consumption of fuel is almost exactly equal 
in these two cases, showing that the same vessel would steam 1600 
miles at 11 knots, or 2400 miles at 9 knots, with the same quantity 
of coals. 

4. Supposing that we have a steamer with stowage-room for only 
460 tons of coal, which she has nearly expended during a trip of 
1800 miles, while steaming at the speed of 11*6 knots an hour, and 
we wieh to place her upon another station, where she must run 
2600 miles without coaling, it is required to find at what reduced 
speed she must steam so as not to run short of coals f 

tons. knots. knots. tons, knots. 

460 X 11-62 X 1800 = 460 X 2600 X V^ required velocity; 
or, 460 X 132 26 x 1800 = 460 x 2600 x V«; 
reduced to 109-603 = 1160 V»; 
_, 109603 ^. ^, 
^">^ =1160-=^^^^ 
Therefore, V = ^9604 = 976 knots, required velocity 
We thus find that the same vessel which ran 1800 miles at a speed 
of 11*6 knots, and with a consumption of 460 tons of coal, must re- 
duce her speed to 9f knots, to enable her to run 2600 miles with 
the same consumption. 

The precedinc; examples all show that an increase of speed Efllciency 
b obtained only by the expenditure of a very great increase ^ * 
of power. Hence, to draw even the most superficial com- ■*"™*'* 
parison between the efficiency of different steam-vessels, 
their speeds must first be reduced to a common standard, 
and the relation must then be found between the consump- 
tion of fuel at the standard speed, and the size or tonnage 
of the vessel, the maximum speed of each being treated as 
a separate question. The value of the term efficiency/ also 
varies so much for different classes of vessels, that steamers 
of the same class only can be justly compared together. The 
number of tons displacement that 100 gross or indicated 
horse- power will propel, at the rate of 10 knots an hour, 
has been proposed as a standard of comparison between 
different steamers. 

A vessel, for instance, is known to have a speed of 12 Modea of 
knots an hour, the engines exerting 1620 indicated horse- ^™P*^" 
power, at a displacement of 2240 tons. ^'^ 

Then, as 12 knots : 10 knots : : »/^l620 h.p. : ^tjlnd. h.p. required; 

or, 1728 : 1000 : : 1620 : 937-6 ; 
and 937-6 : 2240 : : 100 : 238*9 = tons displacement propelled by 
100 I.H.r., at 10 knots an hour. 

By making similar calculations for other vessels, their rela- 
tive efficiency may be, to a certain extent, compared one 
with the other. It is found, in practice, however, that tlie 
form of the vessel influences the ratio existing, theoreti- 
cally, between the power exerted and the resulting speed. 
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Steam Na- Thus, in the Flying Fish, before she was altered, an in- 
vigation. crease of only 1*68 knots in the speed of the ship was 
^'^^^y^^^ obtained by doubling the indicated horse-power ; but after 
a fine bow was fitted, she gained 2*452 knots by doubling 
the power, the latter increase of speed being just propor- 
tional to the cube of the extra power exerted. 

A formula frequently employed in comparing the relative merita 

ot vessels " J^^^ which is thus expressed in'words :— The cube of 
I.H.P. 

the speed in knots, multiplied by the square of the cube-root of 
the displacement, and divided by the indicated horse-power. The 
resultant number is called the coefficient of dynamic duty for that 
particular steamer, and forms a criterion of the cost at which she 
performs her work, the higher the co-efficient the greater being 
the economy. In a steamer of good average performance, the co« 
efficient, as calculated by this rule, should lie between 250 and 320, 
or thereabouts. 

As the preceding formula does not take note of the area of im- 
mersed midship-section, the following is also useful as a means of 
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comparison : 

The two formulsB next to be given are used indiscriminately for 
ef timating the probable speed of a steamer, viz. — 
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of the velocity equals the square-root of the nominal horse-power, 
multiplied by the diameter of the cylinder in inches, divided by 
the square of the cube-root of the displacement. 

mid. sect. 

The speed of the Candia, when measured by the first of these 
rules, is 11*38 knots, and by the second, 11'28 knots; while her 
actual speed, under the same conditions of displacement, &c., is 
11*93 knots. In the same way the speed of the Pera, by the first 
rule, is 11*22; by the second, 11-28; and actual, 12*65 knots. The 
actual speed, in both of these cases, is therefore in excess of that 
calculated by the formulsB. 

In proportioning the horse-power of a steamer, the fact 
must be borne in mind that the effective power of the 
engines increases in a higher ratio than simply as the ton- 
nage, since the resistance varies as the square of the cube 
root of the tonnage. Thus, if a vessel of 1200 tons and 
400 horse-power have a speed of 12 knots, a similarly con- 
structed vessel of 1650 tons and 550 horse-power (with the 
same proportion of power to tonnage), ought to have a 
considerably higher speed, since the square of the cube 
root of 1200 being 112*78, and the square of the cube root 
of 1650 being 139*47, the proportion will then be 112*78 : 
400 : : 139*47 : 494*6 horse-power, instead of 550 horse- 
power. 

The proportion of horse-power to tonnage recommended 
for different classes of ocean steamships may be stated as 
follows : — For full-powered passenger paddle-steamers of 
firom 500 to 1200 tons (builders' O.H.), 1 horse-power to 
8 tons ; for ditto, of from 1200 to 3000 tons, 1 horse- 
power to 4 tons ; for full-powered passenger screw-steamers 
of from 500 to 1200 tons, 1 horse-power to 4 tons; for 
ditto, of from 1200 to 3000 tons, 1 horse- power to 5 tons; 
for auxiliary screw-steamers, 1 horse-power to 6, 7, or 8 
tons, according to size. 

It must not be supposed that a steamer can, or ever will 
be constructed by the sole aid of ** formuls,'* which are 
themselves, for the most part, empiricaL They serve, how- 
ever, to assist in estimating the value and tendency of the 
several proportions and attributes of the structure, a wide 
margin being left for the exercise of practical sagacity and 
experience on the part of the constructor. To sum up, in 
a few words, the main elements upon which economy in 
steam navigation seems to depend, these are — a fine form, 
a moderate speed, considerable magnitude, a clean bottom, 
and a high ratio of length to breadth ; to which may be 



added, effective engines, and a properly proportioned pro- Steam Na- 
peller. Again, after the naval constructor and engineer vigation. 
have each done their best, much still remains for the skill ^^— v^*^ 
of the commander and officers of the ship. 

With regard to the relative proportions of the hull, our 
fastest and most successful ocean merchant-steamers of the 
present day have their length and breadth as 7, 7*5, or 
even 8 to 1 for iron screw-steamers, wooden hulls being Propor- 
generally confined to 6*5 and 7 times the beam. The pro- tions of 
portion of depth varies very much, but this should never length, 
exceed eight-tenths of the breadth, and is better limited ^'^^J^**' 
to six-tenths. A very deep steamer is always unweatherly *^ *P'" 
and unmanageable, and often dangerous. The proportions 
in actual use will be seen by inspecting the tables of 
steamers in the royal navy, and the table of merchant- 
steamers, at pages 141, 142, 143, 

With reference to the management of steamers at sea, a Hanaffe- 
full-powered passenger-steamer is generally so tied to time ment of a 
that she cannot afford to disuse any portion of her steam- steamer at 
power, contenting herself with expanding more or less in ■•»• 
the cylinders, according as the wind and sea are propitious 
or otherwise. Every opportunity of a fair wind, however, 
should be eagerly seized for hoisting sail, which, in the case 
of a screw-steamer especially, affords a great addition to 
the power of the engines. Steam- vessels of war, on the 
other hand, are expressly designed to sail well, in addition 
to their steaming powers; and in estimating the perfor- 
mance of a Government steamer, we should rather look to 
the direct distance run by the combined action of steam 
and sails, at a moderate but uninterrupted speed, and with 
a small consumption of fuel, than to the attainment of a 
high velocity, which is seldom wanted in war-steamers. In 
steaming against a strong head wind, with a paddle-wheel 
steamer of moderate steam-power, it is found preferable to 
keep the vessel in a direct course as long as possible ; but, 
80 soon as her head begins to fall off for want of good 
steerage way, the fore and aft sails should be set, and the 
vessel tacked, the engines being kept working. In the 
screw-steamer, on the other hand, there is no economy in 
keeping a direct course against a head wind and sea, after 
her speed is reduced to three or four knots an hour, since 
the engines keep up their usual number of revolutions, and 
the steam is mostly wasted in slip, or during the ** racing** 
of the machinery. In such a case, therefore, the ship's 
course should be altered, and the sails set to assist the screw, 
so soon as the speed falls to this amount. In paddle-wheel 
engines, the waste of steam is not so great while going 
head to wind, since the revolutions decrease with the 
speed of the vessel. When a vessel is steaming against an 
opposing stream or tide, it is found that her engine-power 
is most economically applied when she goes half as fast 
again as the velocity of the stream. Notwithstanding the 
many undoubted improvements which have been recently 
introduced in the application of the screw propeller, and 
tlie extended experience we have now had of its operation 
in different classes of ships, and under every variety of trial, 
the position which it holds in the merchant service, either 
as an antagonist to the paddle-wheel in full-powered 




Vig. 82. 
Paddle-f teamer for tbe rivers of India. 

Steamers, or as an auxiliary to tlie sails in sailing ships, is 
still far from being well defined. 
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Steam Na- Before bringing this article to a close, it is oroposed to 

▼igation. give a few examples of steam- vessels which have either 

^^—^v^^ proved unusually successful, and may, therefore, stand as 

types of their class, or have some peculiarity of structure 

which seems to point them out for special notice. 

1. DuKB OF Wellinoton, 131 guns, steamship of the line, is 
240 feet 6 inches long between perpendiculars, and 60 feet broad. 
Tonnsge, 3826, builders* CM. Has two borisontsl, geared, screw- 
engines. Diameter of cylinders, 94} inches, and 4 feet 6 inches 
stroke. Nominal H.P., 780 ; indicated do., 2600. Machinery by 
Robert Napier k Sons, of Glasgow. Has 4 tubular boilers, each 
containing 6 furnaces of the following dimensions, vix. — 7 feet 4 
inches long + 2 feet 9^ inches wide ; the total space occupied by 
the machinery being 70 feet in length. The diameter of the screw 
shaft next the engines is 12^ inches. The screw itself is double 
threaded, 18 feet diameter, 16 feet 3 inches pitch, and 3 feet 4 
inches long. The driving-wheel of screw-gearing is 10 feet 6 inches 
diameter, working into a pinion (with wooden cogs), 4 feet 6 inches 
diameter, and 4 feet 6 inches broad. The speed of the vessel at 
her trial trip was 10*2 knots. 

2. Mersbt, 40 guns, screw steam-frigate, is 300 feet long be- 
tween perpendiculars, and 62 feet beam. Tonnage, 3726 ; nominal 
H.P., 1000 ; indicated H.P., 4000. Makers of the machinery, J. Penn 
and Son. Pressure of steam, 20 lb. ; mean number of revolutions of 
engines (direct), 66^. Screw, diameter, 20 feet; pitch, 29 feet; 
immersion at trial, 6 inches; revolutions of screw, 66^. Draught 
of water of ship, forward, 20 feet 8 inches ; aft, 22 feet 7 inches. 
Coals on board, 860 tons ; consumption of fuel at full speed, about 
140 tons per day of 24 hours. Number of furnaces, 32 ; length of 
stoke-hole, 68 feet 10 inches; breadthof ditto, 10 feet; temperature 
of ditto, 100® Fahr. The tops of the boilers are 4 feet under the 
water-line ; fitted with three auxiliary engines, two of which supply 
the boilers, and the third acts as a steam fire-engine. Weight 
of shot fired by one broadside, 1662 lb. Speed at trial, 13 29 
knots. 

3. Rattle a, screw-sloop, 179 feet 6 inches long between per- 
pendiculars ; 32 feet 8} inches beam ; 888 tons builders' CM. ; 13 
feet 6 inches mean draught of water at trial ; area of immersed 
midship-section, 330 square feet ; displacement at trial, 1078 tons ; 
nominal h.p., 200 ; ditto, indicated, 436 ; diameter of cylinders, 
four of 40 2 Inches each ; length of stroke, 4 feet. Revolutions dur- 
ing trial, 27. Diameter of screw, 10 feet; pitch, 11 feet; length, 
1 foot 3 inches ; multiple of gearing, 4:1; revolutions of screw per 
minute, 107*9; slip per cent, 17'67. Description of engines, 
vertical geared. Makers of the machinery, Maudslay, Sons, and Field. 
Maximum speed of the vessel at trial, 10 knots. 

4. GaoWLER, screw gun-boat Length between perpendiculars, 
100 feet ; breadth, 22 feet ; draught of water, mean, 6 feet 10} 
inches ; immersed midship-section at this draught, 130 square feet ; 
horse-power — nominal, 60; Indicated, 200; high pressure engines 
working direct, with 2 cylinders, each 16} inches in diameter, and 18 
inches stroke. Makers of the machinery, Maudslay, Sons, and Field. 
Pressure of steam, 60 to 60 lb. ; weight of engines, 8 tons 14 cwt. 
Boilers, 3 in number, are cylindrical, with internal tubes. Length 
of boilers, 16 feet 4 inches x 4 feet diameter, with one furnace in 
each, 2 feet 2 inches broad x 4 feet 6 inches long. Each boiler 
contains 82 iron tubes, 2 inches in diameter and 8 feet long. Total 
grate-bar surface in the three boilers, 29*26 square feet; "Weight of 
the three boilers complete, 13 tons 1 cwt. ; weight of water in the 
three boilers, 9 tons. Screw, two-threaded, 6 feet diameter ; 8 feet 
pitch ; 16 Inches long ; weight, 840 lb. ToUl weight of the machinery 
with spare gear, 32^ tons. Coals carried in bunkers, 28 tons. 
Speed at above immersion, 8*38 knots ; speed of engines and screw, 
164 revolutions per minute; slip, 31 per cent 

6. Warrior, Iron-cased steam-frigate, is built of iron ; extreme 
length, 380 feet ; breadth, 68 feet ; depth, 41 feet 6 inches ; tonnage, 
6177. Weight of hull, about 6700 tons ; fitted with engines of 
1260 nominal horse-power, weighing 960 tons. Builders of the ship, 
the Thames Iron Co. ; makers of the machinery, J. Penn ft Son. 
She will carry 960 tons of coal, and the weight of armament, masts, 
stores, ate., will amount to about 1200 tons. The total weight at 
sea will thus be about 9000 tons. Sheathed with wrought-lron 
armour-plates 4^ inches thick from 6 feet below the water-line to 
the level of the upper deck for 220 feet of the broadside, each plate 
being 16 feet long by 4 feet broad. Behind the iron armour-plates 
there is a thickness of 24 inches of teak, protecting all the fighting 
portion of the vessel. The bow and stern are not thus sheathed, 
being merely plated with thick iron plates in the usual way, and 
crossed by several water-tight bulkheads. Armament will consist 
of Armstrong guns, each capable of throwing a 100 lb. shot a dis- 
tance of 6 miles. The total cost of each frigate will ba about 
L.320,000. Estimated speed, 14 knots an hour. 



6. Victoria and Albert, H.M. steam-yacht, is built of tim- gtcam Ka- 
ber, and has the following dimensions : — Length between the per- vigation. 
pendiculars, 200 feet 1 inch ; breadth of beam, 33 feet ; depth ^ _^ _^ 
of hold, 23 feet 9 Inches; burthen in tons, builders' cm. 2343; "* v 
horse-power, nonlnal, 600 ; horse-power, indicated, at trial 2980. 
Propelled by paddle-wheels. Has oscillating engines by J. Penn and 

Son, with two cylinders, each 88 inches in diameter and 7 feet 
stroke, the total weight of her machinery being 401} tons. Her 
draught of water when complete for sea, with stores and coals on 
board. Is 16 feet forward and 16 feet 9 Inches aft. Revolutions of 
engines at this draught, 22 ; displacement at medium load-draught, 
2120 tons. Has four tubular boilers, containing In all 3024 brass 
tubes, each 6 feet 6 inches long by 2} inches external diameter. 
The boilers have altogether, 24 furnaces, each 7 feet long by 3 feet 
wide, fired from two stoke-holes. The pressure of steam on the 
safety-valves is 20 lb. The steam is superheated ; has two funnels, 
each 6 feet 6 inches diameter, and 40 feet 3 inches high from top 
of boiler. The coal-boxes contain 410 tons of coal. The paddle- 
wheels are feathering, 29 feet extreme diameter, 14 boards to each 
wheel, each board 11 feet 6 Inches by 4 feet 2 Inches. The wheels 
can be disconnected by a friction-disc and break. Speed at trial 
trip, 17022 knots. 

7. Fairy, H.M.'s screw steam-yacht. Is built of iron, and has 
the following dimensions: — Length between the perpendiculars, 
144 feet 8 Inches; breadth extreme, 21 feet 1} inches; mean 
draught of water at trial, 4 feet 10 inches ; area of immersed mid- 
Fhip-section, 71*6 square feet ; mean displacement at trial, 168 tons. 
Tonnage, bullderVo.M., 312; nominal horse-power, 128 ; indicated 
horse-power, 364. Builders, Mare & Co.; machinery by J. Penn & 
Son. Diameter of screw, 6 feet 4 Inches ; pitch, 8 feet ; length, 1 
foot Revolutions of screw at trial, 268 per minute ; slip of the 
fcrew, 34 per cent Has two vertical, oscillating, geared engines, 
the cylinders 42 inches diameter, and 3 feet stroke, making 61} re- 
volutions per minute. Speed of the vessel at trial, 13*324 knots. 

8. Himalaya, steam troop-ship, propelled by the screw, is built 
of Iron, and has the following dimensions: — Length between the 
perpendiculars, 341 feet; breadth, extreme, 46 feet 4 inches; depth 
of hold, 36 feet; tonnage, 3660.; horse-power, nominal, 700. Has 
horizontal direct engines, with cylinders 84f inches diameter, 
and 3 feet 6 inches stroke, making 69 revolutions per minute. 
Boilers on Lamb and Summer's sheet-flue principle. Pressure of 
steam, 14 lb. She can stow 1000 tons of coal ; her daily consump- 
tion, at full speed, being 70f tons. Fitted with the common 
3-bladed screw, 18 feet diameter, by 28 feet pitch, making 69 
revolutions per minute. Speed at trial, 13*9 knots. This steamer 
has proved eminently successful, having made the trip from Eng- 
land to Alexandria, on several occasions, at an average speed of 
12 knots an hour ; and with a favourable breese, she has bean 
known to run 16 knots within the hour. 

9. Troop River-steamers for India. These are now being 
built for Government of the following proportions : — Length on 
the water-line, 360 feet ; length over all, 376 feet ; breadth, 46 
feet Built of steel-plates, weighing about 6 lb. per superficial 
foot, with the exception of the keel-strakes, which are 7 lb., and 
the glrder-strakes 16 lb. per square foot They are flat-bottomed, 
to draw only 2 feet of water, with machinery, fuel, stores, and 
800 troops on board. The hulls are estimated to weigh only 370 
tons. They are to be propelled by paddle-wheel engines of 200 
hone-power. They will be steered by two large patent steering- 
blades. The hull is stiffened by two iron girders, rising above the 
deck, and running for 300 feet of the length, from which vertical 
and diagonal trusses are carried. They will be sent to India in 
parts, after being put together and tried in this country. Esti- 
mated speed, 12 miles an hour. 

10. Great Eastern, of iron. Length between the perpendiculari, 
680 feet ; length on deck, 691 feet; breadth, extreme, 83 feet ; depth 
of side, 68 feet; draught of water, from 20 to 30 feet. Gross tonnage, 
22,600. Nominal horse-power, 2600. Builder, J. Scott Russell. Her 
screw-engines of 1600 horse-power, by James Watt and Company ; 
and paddle-engines of 1000 horse-power, by J. Scott Russell. The 
screw-engines are horizontal direct, with 4 cylinders, each 84 inches 
diameter, by 4 ft stroke, making 46 strokes per minute ; with tu- 
bular boilers, carrying 26 lb. preasure. The screw Is of the common 
construction, with four blades, 24 ft. diameter, with a pitch of 44 It 
The paddle-wheel engines are oscillating, with 4 cylinders, each 74 In. 
diameter, by 14 ft. stroke. Boilers, tubular, 26 lb. pressure. Paddle- 
wheels are of the common construction, 60 ft. diameter, 13 ft. length 
of floats, and 3 ft. depth. Total coals carried, 10,000 tons. Coal« 
burnt per hour, 12 to 13 tons. Speed about 16 knots. Her ship- 
draught is shown in the plates Illustrating article Ship-Buildino. 

11. Persia, transatlantic mall-steamshlp, of Iron, has the fol- 
lowing dimensions : — Length between the perpendiculars, 360 feet; 
breadth of beam, 46 feet; depth of hold, 29 feet 8 inches. Medium 
load-draught of water, 21*5 feet Displacement at this draught. 
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Steam Na- 5286 tons. Area of Immersed midship-section, 818 square feet, 
ligation. Tonnage, builders* cm., 3586. Builders of vessel and makers of 
V J -,_-» the machinery, Ro1)ert Napier and Sons. The bottom plates of the 
bull are 44 inch thick, tapering to j inch at the load water-line, 
and above this \^ inch, except round the gunwale, where they are 
f inch. The hull is divided into 7 water-tight compartments, 
and has a double-iron bottom for a considerable portion of her 
length. The launching weight of the iron hull was 2200 tons, 
her displacement with machinery, coals, and stores on board being 
about 5400 tons, on a draught of 23 feet. Accommodation is pro- 
vided for 250 passengers (besides a crew of 150 persons), and 
stowage room is fbund for 1200 tons measurement g^oods. Coals 
carried are 1400 tons. The engines are on the side-lever construc- 
tion, with 2 cylinders, each 100^ inches diameter, and 10 feet 
stroke, 850 nominal horse-power, and about 3000 indicated horse- 
power. Diameter of paddle-shaft, 23|^ inches. There are 8 tubular 
boilers, containing, in all, 40 furnaces, each 7 feet long by 2 feet 
9 inches wide. Total length occupied by the machinery is 107 feet 
6 inches. The paddle-wheels are of the common construction, 
38 feet 6 inches diameter to extremity of boards, which are 10 feet 
8 inches long, 2 feet 1 inch broad, on 28 arms. On the occasion of 
the Persia's trial trip from Glasgow to Liverpool, she ran 175 
knots in 10 hours 43 minutes ; thus accomplishing an average 
speed of 16 knots, or nearly 19 British statute miles an hour. 

12. Pera, Alexandria mail screw-steamship, is of iron, and has 
the following dimensions: — Length between the perpendiculars, 
803 feet 7 inches; breadth extreme, 42 feet 3 inches; depth of 
hold, 27 feet 2 inches; gross tonnage, 2613; nominal horse-power, 
450 ; indicated horse-power, 1500. Builders of the vessel. Mare 
and Company ; makers of the machinery, Messrs Rennie. She has 
vertical trunk-engines, geared, with 2 cylinders each 70^ inches 
diameter (trunk 30 inches diameter), and 4 feet length of stroke. 
Strokes of engine per minute, 29^. There are four sheet-flue 
boilers ; pressure of steam 16 lb., superheated. 700 tons of coal 
are carried in boxes ; coals burned per day of 24 hours, 44 tons 
(in place of 56 before superheating apparatus was fitted). Screw 
propeller has 3 blades, is 15 feet 6 inches diameter, 21 feet pitch, 
making 60 revolutions per minute. Speed at trial trip, 12*5 knots. 
The Pera has made some very remarkable passages. Thus, in the 
month of July 1859, she ran from Southampton to Gibraltar, 1000 
miles, in 3 dsys 21 hours (being at the rste of lOf knots per hour) ; 
thence to Malta, another 1000 miles, in 3 days 12 hours (11*9 knots 
per hour) ; and from Malta to Alexandria, 1000 miles, in 2 days 
19 hours (14*92 knots per hour). The Pera's lines are shown in 
the plates of article Ship-Buildinq. 

13. Leinstbr, Ulster, Munstbr, Coknauoht, new Holyhead 
mail-packets, are of iron, and propelled by paddle-wheels. They 
have the following dimensions : — Length extreme, 350 feet ; 
breadth, 35 feet ; depth, 20 feet ; draught of water, 12 to 13 feet ; 
builder's tonnage, 2000; nominal horse-power, 700; indicated 
horse power (estimated), 3500. Average speed contracted for, 20 
miles an hour. The engines are oscillating, and the paddle-wheels 
have feathering floats. Three of the vessels are built by Bfessrs 
Laird, and one by Messrs Samuda ; and the machinery is by Messrs 
Kavenhill, Salkeld, and Company, and Messrs James Watt and 
Company. They are rigged very lightly, for fore and aft sails only, 
their great engine-power making them independent of the wind. 
They have 9 water-tight bulkheads, extending to the upper deck, one 
of which divides the engine and boiler rooms ; this latter bulkhead 
constituting an important element of safety and strength, which 
might be advantageously introduced into iron steamers much more 
frequently than it is. The cabins are 9 feet 6 inches high ; the 
principal saloon being 60 feet long. 

We are enabled to give the following additional particulars of 
the Leinster through the kindness of her constructor, Mr Samuda: — 
Length between the perpendiculars, 328 feet ; length on deck, 346 
feet ; breadth of beam, extreme, 35 feet ; depth in engine-room. 21 
feet ; burthen in tons, builders' old measurement, 2'^00. Draft of 
water at official trial at Stokes Bay, 26th July 1860 — forward, 12 
feet 2^ inches ; aft, 13 feet 2^ inches (12 feet 8^ inches mean). Area 
of midship section at this draft = 336 square feet. Displacement at 
same draft = 1880 tons. Area of horizontal water-line section at 
the same draft = 7974 square feet. The form of the Leinster mid- 
ship section may be thus described : A round bilge, having a radius 
of about 8 feet, joining the straight of the side at the 11^ feet water- 
line, and sloping down with an easy sweep to the keel, which it meets 
at an angle of about 12 degrees from the horizontal line. Her mean 
speed at the measured mile at Stokes Bay, as above, was 17'797 knots, 
or 20 502 English statute miles ; mean revolutions of engines, 26^ 
per minute. The engines (oscillating) are by Messrs Kavenhill, 
Salkeld, and Company, and have the following dimensions : — 
Diameter of cylinders, 98 inches ; length of stroke, 6 feet 6 inches; 
revolutions per minute, 26; nominal horse-power, 700; indi- 
cated horse power at trial, 4200 ; pressure of steam in the boilers. 



(tubular), 25 lbs. ; consumption of fuel during trial trip, at the Steam Na 
rate of 7 tons per hour ; coals on board during the trial (on start- Tigation. 
ing), 30 tons; stowage for coals in bunkers, 90 tons; estimated v ^ ^j 
consumption while at regular work, 6 tons per hour. Feathering ^ 

wheels, 27 feet diameter to centre of axis of floats. The excep- 
tional character of the Holyhead packets is made further apparent 
by the following statement of the official tonnage of Leinster : — 
Gross tonnage, 1382 ; engine-room tonnage, 997 ; leaving only 385 
for the register tonnage. 

14. Bremen, screw-clipper steamship, is built of iron, and has 
the following dimensions : — Length between the perpendiculars, 
318 feet ; breadth of beam. 40 feet ; depth of hold, 26 feet ; mean 
draught of water at trial, 18 feet 6 inches. Displacement at this 
draught, 3440 tons. Area of immersed midship section, 606 square 
feet. Rate of displacement at load draught, 25 tons per square 
inch. Builders of the ship and makers of the machinery, Messrs 
Caird and Company. The engines of the Bremen consist of two 
direct-acting inverted cylinders, each 90 inches diameter and 3 
feet 6 inches stroke. Nominal horse-power, 500 ; indicated horse- 
power at trial, 1624. Speed at trial trip, 13*15 knots per hour. 
The average performance at sea, between Bremen and New York, 
with a mean displacement of 2950 tons, was found to be 11-05 
knots, the engine showing a mean indicated horse-power of 1045. 
The superiority shown by the Bremen is believed to be principally 
due to her fine form of body, and judicious proportions. Her 
ship-draught will be found amongst the plates illustrating Ship- 
Building. 

• 16. Windsor Castlb, Clyde river-steamer, propelled by paddle- 
wheels, is built of steel-plates, and has the following dimensions: — 
Length, 190 feet; breadth, 20 feet; depth, 7 feet 6 inches; tonnage, 
gross, 190; register, 93. Mean draught at trial, 3 feet 1 inch. 
Immersed midship-section at this draught, 52 square feet. Average 
number of revolutions, 43. Nonrinal horse-power, 115. Indicated 
horse-power at trial, 620. Pressure of steam in the boilers, 40 lb. 
Builders of the vessel and makers of the machinery, Messrs Caird 
and Company. The cylinders are placed diagonally ; they are 40 
inches in diameter and 5 feet stroke, cutting off steam after 12 
inches. The steam is supplied by an upright tubular boiler, and is 
superheated in the funnel to a temperature of 375^ Fahr. before 
entering the cylinders. The boilers have 76 square feet of fire-grate 
surface, and 1526 square feet of total heating surface, consuming 
about 20 cwt. of coal per hour. The paddle-wheels are feathering, 
15 feet diameter, each having 10 boards, 8 feet long by 2 feet 3 
inches broad. Speed at trial trip, 17083 knots, or 19 679 British 
statute miles an hour. In this steamer weight is economised in every 
possible way, and only 10 tons of coal are carried. 

16. Tacbtalia, river-steamer for shallow navigation, is built of 
iron, and has the following dimensions: — Length, 150 feet; breadth, 
20 feet; draught of water, with machinery and passengers on 
board, 12^ inches. Builders of the vessel and makers of the 
machinery, Messrs J. and A. Blyth. She is propelled by 4 conden- 
sing engines, of the collective power of 40 horses, acting through 
4 paddle-wheels, each 6 feet in diameter and 6 feet wide; the 
forward engines making 87 revolutions and the after-engines 96 
revolutions per minute, and the speed through still water being 
about 11 miles per hour. The hull is formed of very thin plates, 
stiffened by frequent transverse bulkheads, and webs of plate sur- 
rounding the vessel internally. By employing 2 pairs of paddle- 
wheels, each pair driven by a distinct pair of steam-engines, not 
only are the weights of the machinery, water, and coals diffused 
over the vcneel, but the propelling power is also widely distributed 
over the structure. The use of 4 paddle wheels in place of 2 
greatly improves the steering of the vessel, always a matter of much 
difficulty with boats of shallow draught running on swift rivers. 
Lightness of machinery in this vessel is promoted by the substitu- 
tion of gun-metal for cast-iron in the condensers, &c, and of cast- 
steel and wrought-iron for the framing of the engines. The 
boilers are constructed of Lowmoor plates throughout, without 
angle-irons, to save weight. Vessels of this class are well adapted 
for the rivers of India. A representation of the Tacbtalia is given 
at page 136. 

17. Screw-steamer for the rivers of India, built of iron. 
Length, 70 feet ; breadth, 7 feet 6 inches ; depth, 3 feet 6 inches ; 
draught of water, 2 feet. Boat and machinery constructed by 
Messrs G. Rennie and Sons. Propelled by two screws, one on each 
quarter (see annexed wood engraving, fig. 33) ; diameter of the 
screws, 2 feet 2 inches ; pitch, 4 feet. Driven by a pair of disc 
engines acting direct. Speed of the engines and screws, 260 revo- 
lutions per minute. Speed of the boat, 10 knots per hour. Weight 
of the boat, 3 tons 8 cwt. ; weight of the machinery, 3 tons. Con- 
sumption of coal, per hour, 100 lb. Power of traction, at slow 
speed, 250 tons. Cost of trackage, ^ of Id. per ton per mile. 

18. American Steamboats (by a correspondent of TU En» 
ginur), — *< Going aboard at a late hour in the evening, the toene 
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Steam Na- which presented itielf to our eyee was novel in the highest degree, 
vigation* Pointed a pure white, as nearly all American river-steamboats are 




Fig. 881 
Serrw^teamer for the rlrevt of India. 

(for the anthracite coal burned ander their boilers makes no smolce 
whatever), the enormous mass of the vessel rose like a giant iceberg 
above the water. Hurrying over the broad gangway, we found 
ourselves in a crowd of nearly 700 passengers, more than one-third 
•if whom were ladies. We were upon the main-deck, although under 
% lofty ceiling, over wliich was a grand saloon of palatial propor- 
tions and magnificence. Liooking aft, a broad entrance, flanked with 
gilded columns and luxurious drapery, opened to the ladies' saloon — 
a $anctum ianetorum not to be profaned by the footsteps of a bachelor, 
although steamboat etiquette was not so strict, nor steamboat regu- 
Mions so inflexible, as to forbid the momentary presence there of 
gentlemen accompanying their wives, or other fair charges, to be 
intrusted to the care of tiie stewardess. On either side of this en- 
trance were broad staircases descending to an immense lower cabin, 
along the sides of which were more than 400 berths. The supper 
tables were then set out with a degree of splendour for which an 
£nglish traveller would be altogether unprepared. Nearly amid- 
ships, on the main-deck, a grand staircase, sweeping both to the 
right and left, conducted to the great saloon, or state-room hall, 
nearly 300 feet in length, several yards in width, and having an 
upper gallery, with a second story of state-rooms — a lofty arched 
ceiling, glazed with ground and coloured glass, and supported bj 
richly-carved columns, covering the whole. In its construction, this 
ateamboat (the New World) is totally unlike anything ever seen in 
British waters. It is of enormous size. Originally 376 feet long, 
it was afterwards lengthened to 468 feet over all. With a breadth 
of beam of 50 feet, the main deck is extended by means of plat- 
forms, or ** guards," projecting over the water to the full width 
across the paddle-boxes, 85 feet, being thus wider than the main- 
deck of the Great Eastern. Tet the vessel, which is flat-bottomed, 
with bilges nearly or quite square, draws only 5^ feet of water, the 
whole displacement being about 2500 tons, and the immersed mid- 
section 275 square feet. All American boats have wooden hulls, 
and how to stiffen such a vast and shallow craft, flat-bottomed as 
Noah's Ark ? There are no tubular cells, no ' double skins,' nor 
is there a hundredweight of boiler-plate, excepting in the boilers 



themselves, in the whole structure. As if to increase the strain* Steam Na 
the boilers, weighing, with water, 75 tons each, are placed upon vigation. 
the *< guards " outside the hull, and of course several feet above the v _^ — ^ 
load-line. To make the whole as rigid as a tubular girder, two 
enormous arched trusses, placed one over each side of the hull, ex- 
tend over nearly 350 feet of the length of the boat These great 
bows, like the arches of a bow-string bridge, are connected to king- 
poets and queen posts, and strapped and fastened, so that the whole 
is as stiff as a man of war. Then there are four or five large king- 
posts, or masts, stepped upon the keel, and carrying the weight of 
the projecting * guards' by long diagonal tension rods. These masts 
carry no spars, booms, or rigging of any kind, all of which would 
be so much top hamper, worse than useless, at a speed of 20 miles 
an hour. These posts, like nearly all the rest of the wood-work, 
are painted a dazzling white, and surmounted by gilded balls. The 
lines of the hull are very sharp, and at 22 statute miles an hour, a 
speed not unfrequently attained, there is only a thin spurt of water 
breaking into spray to mark the keen entrance of the cutwater." 

We subjoin a list of those paits which are considered 
most necessary to be carried as spare geab for sea-going 
PADDLE-WHEEL ENGINES of a large class : — 

100 bolts and nuts for paddle-wheels; 50 bolts and nuts for 
paddle-floats ; 6 paddle-floats ; 2 sets of gearing for paddle-floats 
(feathering-wheels); I connecting-rod for ditto, ditto; 1 driving- 
arm for ditto, ditto ; 4 large pins and 2 small for brackets, ditto ; 
2 radius boss pins for ditto, ditto ; 2 bushes for ditto, ditto ; 8 brass 
washers for gearing, ditto; 4 bolts and nuts for radius-boss, ditto ; 
4 segments of paddle-centres ; 4 arms for paddle-wheels ; 18 iron 
washer- plates ; 2 brass linings for outer-bearings ; 120 brushes for 
boiler-tubes ; 36 stoking-irons ; 60 scrapers, circular and forked ; 
1 set of stocks, taps, and dies, from J to 1^ inch ; 1 air-pump rod 
and nut ; 1 cylinder-cover, bush, and gland ; 1 piston and rod ; I 
piston-rod cap, complete ; 2 complete sets of all India-rubber valves ; 
^ set of fire-bars ; 1 set of bearing-bars for one furnace ; boiler- 
plate, about 6 or 8 cwt. ; 60 boiler-tubes ; 300 ferules for boiler- 
tubes ; 8 handles for boiler-tube brushes ; 24 drifts (short and long) 
for tubing; 12 mandrils for ditto; 1 crank-pin for engine; 1 
eccentric-band, complete; 1 feed-pump rod, complete; 1 bilge- 
pump rod; 1 gross iron washers of various sizes; 120 bolts atid 
nuts; 8 glass gauge-tubes for boilers ; 2 glass tubes for barometers. 

The following is a list of spare-geab for screw-en- 
gines of a large class : — 

1 Cylinder-cover, complete ; 1 connecting-rod ; 1 centre-bonnet, 
for cylinder ; 1 air-pump rod ; 1 piston and rod, complete ; 1 feed- 
pump rod; 1 bilge-pump rod; 1 slide-rod, complete ; 1 eccentric 
strap, complete ; 1 spind-spring, for escape- valve ; 1 cross head ; 
1 guide-block and bravs (if so made), complete ; 1 cap for thrust- 
block, fitted with white metal ; 2 screws for thrust-block ; soft 
metal bearings, various ; 2 complete sets of india-rubber valves ; 1 
wrench for piston-rod nuts ; 1 set of taps and dies, complete ; 50 
bolts, assorted (iron and metal) ; 80 bolts and nuts (assorted) ; 40 
spanners, various; ^ set of fire-bars; 60 fire-irons, assorted ; 110 
scrapers (50 circular and 60 forked); 3 bearing-bars; 100 boiler - 
tubes ; 300 ferules for boiler-tubes ; 40 drifts and mandrils for 
boiler-tubes; 200 tube-brushes, and 4 handles,* 140 washers for 
boiler-tubes ; 3 boiler-plates; 16 glass gauge-tubes, and 60 India- 
rubber rings. 
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Henm Na- DESCEIPTION OF THE PLATES. 

vigat ion.^ Plate XV, represents the usual type of the tide-lever marine- 
' engine. The principal parts are — A the cylinder, B the valve- 

chest, C the condenser, D the hot well, £ the air-pump, F the feed 
and hilge pumps, 6G the great lever, 6' its main gudgeon, H the 
cylinder side-rods, I the cross-head, K the piston-rod, LL the pa- 
rallel motion, M the air-pump cross-head, N the air-pump side-rods, 
O the air-pump piston-rod, P the connecting-rod cross-tail links, 
Q the cross-tail, R the connecting-rod, S the crank, IT the eccentric 
pulley or cam, titiu the eccentric rod, V the valve-shaft, WW the 
valve-lever and counterbalance lever. 

The apparatus for working the valves expansively is distinctly 
shown. On the crank-axle, T, is placed a series of cams ttt, which 
act upon the roller of the expansion- valve tumbler. Y yyy are 
the expansion- valve connecting-rods and levers. Z is the valve- 
chest, and the valve is of the kind called equilibrium-valves, or 
crown-valves. 

Plates XVI., XVII., and XVIII.. represent a pair of direct 
screw-engines of 500 horse- power (nominal), as constructed by 
Messrs Ravenhill, Salkeld, and Company, for various ships in the 
royal navy. The following vessels have been fitted with machinery 
on this plan, viz. — the Waterloo and Nelson, 98 guns, 500 H.P. ; 
the Undaunted, Glasgow, and Newcastle, 50-gun frigates, and 600 
H.P. ; the Narcissus, 50 guns, and the Jason, 21 guns, each of 400 
H.P. These engines have given much satisfaction, being at once 
compact, and at the same time easy of access to all the working 
parts. 

The following are the principal dimensions of the 500-horse 
screw-engines : — 

Diameter of the cylinders (two) 71 Inchea 

Lenf^h of stroke 8 feet. 

KevolutionB of engines and screw-shaft, per min 50 

Pressure of steam in the boilers per sq. inch 20 lb. 

Diameter of the screw 18 feet 

Pitch of do. mean 20 feet 

Description of screw GriflBth'a 

Hean draught of the ship (H.M.S. Nelson) 24 ft. 9i in. 

Speed at the measured mile 109 knots. 

uidicated hor8e>power SlfiOhorsea 

The various parts of the engines will be recognised by reference 
to the following letters: — A A are the cylinders; B the piston- 
rods, of which there are two to each cylinder ; C the connecting- 
rods, working between the guiding surfaces DD, and giving motion 
to the main cranks ££ ; F is the screw-shaft ; O the thrust-block, 
on which the thrust of the screw is taken ; H the coupling for dis- 
connecting the shaft; I a worm-wheel for turning the engines by 
hand; K the steam-pipe from the boilers; L the throttle-valve; 
M the expansion-valves; K the cylinder slide-valves; O the ex- 
haust-passages ; P the condenser ; Q the air-pump-rods, which work 
direct from the piston, passing steam-tight through the cylinder 
covers like small piston-rods. The air-pumps themselves cannot 
be seen, being concealed by the condenser. R the discharge-pipes ; 
S the feed and bilge plunger pumps ; eccentrics and gear for work- 
ing the slide-valves. 

Plates XIX. and XX. represent the engines and boilers of the 
screw steamship Thunder, which are possessed of several interesting 
peculiarities and appliances for economising fuel and steam. The 
vessel (built by Messrs Lungley of London) is of iron, 240 feet 
long, 30 feet beam, 22 feet 6 inches deep, and 1062 tons b.o.m. 
Her draught of water is 13 feet 8 inches aft, and 10 feet 8 inches 
forward.' The engines are constructed by Messrs Dudgeon, of 
Millwall, London, and have the following dimensions :— > 

Diameter of cylinders (two) 65 inchea 

Length of strolie 86 „ 

Reirpintions of engines and screw per mln 68 „ 

Diameter of screw 15 feet 

Pitch of screw 29i „ 

Nominal horse-power 210 horsea 

Indicated horse-power with faU steam 950 to 1000 „ 

Do., with expansion when cutting off after |th 696 „ 

Speed, with an immersed midship-section of 813 square feet 
and displacement of 1175 tons, the engines making 54 revo- 
tions per minute, and cutting off steam after ^Ui of the 

stroke 14 knots. 

Maximum speed at trial with fall power 15 „ 

The cylinders of these engines are inverted, and are fixed directly 
over the crank-shaft. They have separate expansion-slides, and 
double-port steam-slides. The exhaust is carried round the cylinders 
by broad belts (see 0, Plate XIX.) into the condenser P, the belts 
thus acting as steam-jackets to the cylinders to preserve their tem- 
perature. The condensers themselves form part of the framing on 
which the cylinders stand. The shaft is forged with solid cranks, 
and the thrust of the screw is taken by the long collared bearing 
at C, which is supported independently of the engine framing. 
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The pressure of steam in the boilers is 19 lb., the steam being cut Ste«m Na- 
off in the cylinders (when working most expansively) after one- vigation. 
fourth of the stroke. ^^m^,^'^^ 

The letters of reference, previously given, indicate the same 
portions of the machinery for this and all the remaining plates. 

The boilers are tubular, two in number, with four furnaces, and 
are fired from each end. Each boiler has 360 tubes, 3^ inches 
external diameter, and 7 feet long. The boilers are fitted with 
superheating apparatus (A), on Mr Beardmore's plan; each con- 
sists of two steam-chambers, placed one on each side of the chim- 
ney, connected by 172 tubes in each, each tube being 2 inches in 
diameter. The lower end of the chimney is expanded so as to 
encase the tubes, through which all the steam from the boilers 
passes on its way to the cylinders. These boilers generate steam 
with much fscility. The advantage of having two funnels in this 
case is, that the draught thus becomes more direct, and therefore 
sharper than it would be with one large funnel. The temperature 
of the superheated steam is about 320 . 

These engines have exhibited a very remarkable economy of 
fuel, the consumption, under favourable circumstances, not exceed- 
ing IJ lb. per I.H.P. per hour; and when the vessel was deeply 
laden, this did not exceed from 2 to 2^ lb. during a ten days' voyage 
at sea. The Thunder ran from Plymouth to St Vincent in 9 days 
14 hours, the chief engineer writing thus from the latter place: — 
" We have run 285 miles during the last 24 hours ; and our ave- 
rage speed has been throughout the voyage 11 knots per hour, on 
a consumption of 15 tons of coal per 24 hours. Pressure of steam 
10 lb. ; 44 revolutions per minute. Temperature of steam in super- 
heaters, 310^." This is equal to a consumption of about 12 cwt. of 
coal per hour while steaming at the rate of 11 knots, which, for a 
displacement of 2000 tons, is an extraordinary result. Whilst on 
her trial trip her displacement was only half the above, when, 
under the most favourable circumstances, she went at the rate of 
14 knots on a consumption of 8 cwt. per hour. 

Plates XXV., XXVI., and XXVII., represent six varieties of 
marine engines, constructed by Messrs Maudsley, Sons, and Field 
— namely, oscillating-cy Under marine engines for paddle-wheels, 
double-cylinder engines for paddle-wheels, annular-cylinder en- 
gincj for paddle-wheels, annular-cylinder engines for the screw- 
propeller, horizontal direct engines for the screw-propeller, and 
steeple-engines for river-navigation. 

Plates XXI. and XXII. represent a pair of '^ combined-cylinder" 
paddle-wheel engines of 320 horse-power collectively (nominal), as 
constructed by Messrs Randolph, Elder, and Ck>mpany, of Glasgow, 
in the steam-ships Callao, Lima, and Bogot4. 

These vessels are 245 feet long, 36 feet broad, and 23 feet deep, 
and are designed with lines favourable for speed. Their tonnage 
is 1650 tons ; draught of water, 11 feet forward, 12 feet aft; fitted 
with feathering wheels 25 feet 2 inches diameter. 

The cylinders are four in number, vis., two of 52 inches diame- 
ter, and two of 90 inches diameter, and 5 feet stroke. It will be 
observed that they lie diagonally to each other. During the 
trial trips the engines made from 23 to 26 revolutions per minute, 
and indicated from 1000 to 1300 horse-power, the pressure of 
steam being 26 lb., and the speed of the ships from 12} to 13 
knots per hour. The boilers are tubular, and superheat the 
steam in the steam-chests by contact with the up-takes only, 
these being purposely divided and prolonged with this view. 
The cylinders are further provided with "jackets'' kept well 
supplied with hot steam, to guard against condensation within 
the cylinders. 

These engines have also been attended with a remarkable eco- 
nomy of fuel. The Bogoti lately ran fh)m Glasgow to St Vincent, 
a distance of 2470 nautical miles, in 9 days 21 hours, on a con- 
sumption of 232 tons of coal, thus giving an average speed of 
10*42 knots, on a consumption of 19 cwt. per hour. The average 
I.H.P. being 950, this gives an average of 2^ lb. of coal per X.H. per 
hour. 

Plate XXIII. represents a pair of combined-cylinder engines 
of the same description as shown in the preceding plates, and by 
the same makers, but designed for driving the screw-propeller. 
These, it will be observed, are geared engines, driving the screw- 
shaft by means of internal gearing. 

The nature and presumed advantages of ''combined-cylinder" 
engines have been already explained. It may be here repeated, 
however, that the steam is first admitted into the small cylinder 
for about one-third of the stroke ; and after expanding during the 
remainder of the stroke in the small cylinder, it enters the large 
one, and completes its work there by further expanding to the end 
of its stroke. 

Plate XXIV. is a section of inboard works of the paddle- 
steamer Delta, carrying the Indian mails from Southampton to 
Alexandria. (a. m — T.) 
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TIMBEE. 



Timber 



Definition 
of the 
term. 



Growth of 
the tree. 



Zariy 

authorities 
on timber. 



The term Timber is applied to wood of sufficient size to be 
adapted for building or engineering purposes, whether it 
be standing in the forest or afler it is felled. While the 
timber forms part of the growing tree, it is called standing 
timber ; when felled, it is called rough timber. After the 
rough log is converted — that is, sawn into the various forms 
for which it appears best adapted — the products are then 
known as sided timber, balk, thick-stuff, plank, or board, 
according to the shape and dimensions of the pieces. 

It is proposed in the following article to consider this 
subject in three or four principal lights ; as, the growth and 
cultivation of timber ; its use for constructive purposes ; the 
supply of timber from foreign sources ; and the most effica- 
cious means for arresting its decay. Under Shipbuilding, 
and in the article Strength of Materials (Ency, Brit,\ 
much additional information regarding timber will be found. 

If wc examine the cross-sectior of the trunk of a tree, 
we shall find it to consist of three principal parts — namely, 
the pith, the wood, and the b^rk — the perfect or heart- 
wood occupying the larger portion. As all timber trees 
belong to the exogenous tribe of plants, which gain their 
increase by addition to the external sur£sices, it therefore 
follows that the wood of oldest growth is found in the 
centre of the tree, and that the several concentric layers 
are younger in proportion as they recede from the centre. 
Around the perfect wood there is seen a concentric belt of 
younger growth, which has not yet attained to the maturity 
of the heart-wood. This belt is called the alburnum or 
sap-wood ; around it is another concentric belt, called the 
liber or inner bark, surrounded again by the outer bark. 
The centre of the heart- wood is occupied by the pith ; and 
there is a communication between the pith and the bark 
that is maintained by what are called the medullary rays, 
which, as their name expresses, radiate from the pith, in 
the centre of the perfect wood, to the external coating of 
the tree, the bark. From their hardness and compactness 
the medullary rays may serve, in some measure, to resist 
the pressure of the accumulating annual rings, and to 
keep open the tubes for the passage of the sap in the in- 
terior of the tree. When cut in a sloping direction, they 
produce the beautifully-varied appearance called figure in 
ornamental woods. The pith, which seems to perform an 
important part in the growing economy of the tree while 
it is still young, appears afterwards to lose its utility ; for 
as the central portions of the tree become indurated and 
formed into heart-wood, the pith is then nearly or alto- 
gether obliterated. 

The first English writer on timber was the celebrated 
Evelyn, who published his Sylva, or Discourse of Forest 
TreeSf in 1664. This book still continues one of the 
standard works on the subject in our language. In 1 774 
a new edition of it, with most extensive notes, and also 
engravings of the trees mentioned in the text, was pub- 
lished by the celebrated Dr Alexander Hunter of York. 
The last edition with these notes was published in 1825. 
In France the two celebrated philosophers, Buffisn and Du 
Hamel, have each devoted a great portion of their useful 
lives to the investigation of the physiology of timber, and 
their writings on the subject have long been the text-books 
of arborists. In modem times, the phenomena of the 
growth of plants have occupied the attention of many men, 
some of whom have eminently distinguished themselves in 
this particular branch of natural history. 

The experiments on the physiology of trees so success- 
fully prosecuted by Mr Knight, president of the Horticid- 
tural Society, deserve especial notice. He removed a ring 



of bark, about ha f an inch in breadth, from a number of Timher. 
trees, and then com[)ared the growth of these trees with ^^^^^^^^ 
that of others not so treated. This was done early in the Mr 
spring, and in every case he found the result to be the Knight's 
same ; namely, that those parts of the stem and branches experi- 
which were above the incision, and had a communication "J'°^*''\ 
with the leaves through the bark, increased rapidly in size, iqIJ^qP ^ 
while those below the incision scarcely grew at all, until a tr^g. 
new communication was obtained with the leaves through 
the bark ; the increase of the timber thus evidently depend- 
ing upon the growth of the leaves. 

These experiments were so far conclusive as to establbh Mode of 
that the current of sap which ran upwards from the roots, increase of 
was not impeded in its passage by the annular incisions and ^® *^* 
the removal of the belt of bark ; but that it was probably ^' 
the downward current which was interrupted, and also that 
it was this downward current by which the annual increase 
of the tree was effected. By a series of experiments with 
coloured infusions, Mr Knight traced the upward current 
through the pores of the wood beyond the annular incisions 
in the bark, and found that it had neither coloured the bark 
nor the sap between it and the wood. He traced the 
coloured infusion along the leaf-stalk into the leaf, through 
one series of vessels ; and he observed another series of 
vessels which were conveying a colourless fluid in an oppo- 
site direction, that is, out of the leaf. He traced this second 
series of tubes downwards, and found that they entered the 
inner bark, and, without having any communication with the 
tubes of the wood, descended through the inner bark from 
the very extremities of the leaves, apparently to the points 
of the roots. Mr Knight considers that there are two series 
of these descending tubes, one of which forms the new an- 
nual layer of alburnum, and the other the new annual layer 
of internal bark. It thus appears that the sap is conveyed 
upwards, through the pores of some part of the wood, into 
the leaves, and that when there, probably by its exposure 
to light and air, and by the evaporation which takes place, 
it undergoes some peculiar process of elaboration which fit!* 
it for contributing to the sustenance and growth of the tree. 
It also appears that the cause of the growth is the deposi- 
tion which takes place in the downward passage of this per- 
fected sap. The sap, afler this curious preparation in the 
leaves, is called cambium. 

The same persevering physiologist then pursued his in* 
vestigations a step farther. He took trees, and not only 
removed a ring of bark, but also a ring of the younger wood, 
to such a depSi as to cut through and remove the whole of 
the alburnum. These trees did not exhibit the slightest 
symptom of vegetation in the ensuing spring ; which fact 
evidently proved that the ascent of the sap had been pre- 
vented by the removal of the alburnum ; for the previously- 
mentioned experiment had shown that the removal of the 
bark was not attended with such an effect. 

It b the generally-received opinion, that the ascent of Hardening 
the sap through the alburnum is the reason why this gra- ^^ *^« ••?- 
dually becomes perfect wood, in consequence of the depo- ^*'^^* 
sition of matter which then takes place and fills up its 
pores ; so that the rationaie of the process seems to be, 
that the sap of each year deposits a certain amount of 
nourishment in its upward passage, which goes to strengthen 
and solidify the sap-wood (or alburnum) of previous years ; 
that then, afler being elaborated in the leaves, this same 
sap becomes cambium, and in its decent adds bulk both to 
the alburnum and tlie bark. It must, however, be ob- 
served, that there b not in timber any appearance of a 
gradual change fh)m alburnum to perfect wood. On the 
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Timber, contrary, in all cases the division is most decided ; one con- trees, that they will flourish upon, and indeed prefer situa- Timber. 

^-■^r"*^ centric layer being perfect wood, and the next in succession tions which are altogether unfit for the production of corn ^•^nt*-^ 

Nature of being sap-wood. Mr Knight gives it as his opinion, that and other crops. This is chiefly owing to the small pro- 

the circuit- towards the conclusion of summer, the true sap — that is, the portion of mineral nutriment which trees require in com- 

tion of cambium — simply accumulates in the alburnum, and thus parison with grain. For several remarks of much practical 

**'*• adds to the specific gravity of winter-felled timber. He value occurring in this portion of our article, the author is 

thinks that the true sap descends through the alburnum as indebted to the professional knowledge and sagacity of Mr 

well as through the bark — that is, that '* the superabundance John Blenkam, who has recently published an excellent 

of true sap is there deposited, and enriches the upward treatise on British timber trees. A certain portion of the 

current of aqueous sap, or the sap of the ensuing spring." article Timbeb, written for the preceding edition of the 

In confirmation of this, he tested the ascending current of Eitcyclopcedia Britannica^ has also been incorporated in 

spring sap, extracted fi*om the trunks of trees at various the present article. 

heights, and found that the specific gravity increased with The mineral constituents of timber vary with the nature Mineral 

the height, and that the taste also very sensibly altered, of the ^oil on which it is grown, but these consist chiefly of cooBtitu- 

He argues from tne foregoing facts, that by girdling trees the carbonates of potash, soda, lime, and magnesia, with ®°*^^ 

in the spring, and suffering them to grow until the en- generally a small portion of the sulphates, chlorides, and *"""•''• 

suing winter, the wood abnove the girdling would be in- phosphates of the same substances. The following table 

creased in specific gravity. In one experiment, in which exhibits the weight of mineral ash remaining after the com- 

the belt of bark had been abstracted for several years, he bustion of 1000 lb. weight of different woods, all equally 

found that the specific gravity of the wood above was dry when weighed : — 

0-590, while below it was only 0*491 ; and also that the ,,^^ .. - ,^ ^:^i^^^ lo iv ^c ..u 

,, ',, ., 'j r»uj ] 1000 Id. Of elm Tlelaea j91d. of ash. 

alburnum had acquired a greater degree of hardness, and ^^ poplar „ 20 1b. 

consequently of durability. This is important, as Du )* willow " //^/.V/.V.. 7...... ....... ij lb. T. 

Hamel has very conclusively established by experiment „ beech ,. 2 to 61b. „ 

that the strength of timber of the same species varies very f> birch „ 3J lb. „ 

nearly as its weight. »• ®f^ »» ?i^'qik " 

Panction The leaves of a tree perform the important oflBce of in- " ^^ " ' 6 to 61b" 

assigned haling and fixing in a solid form the gaseous food con- " " *" 

leav** fa ^^"^^ ^^ ^^^ atmosphere. In the day-time they absorb Although in most parts of England there is soil favour- Influence 

tree.**** * carbonic acid firom the air, which then becomes decom- able to the growth of timber, it may well be supposed that of "oil on 

posed, and the oxygen is given off; this process being re- all soils are not equally favourable to all kinds of timber, ^* fi»'^^*' 

versed at night, although in a slower degree. About one- nor will they produce timber of equally good quality. ' 

third of the entire carbon of which the tree is composed is Thus, while England is, par excellence^ the country of oak 

believed to be thus extracted from the atmosphere. timber, the Sussex oak has always been celebrated as supe- 

Formation As the sap descends, it forms a layer or ring of sap- rior to all others. In France, the oak of Provence enjoys 

of the an- ^ood and inner bark, by which the circumference of the a similar reputation. Still, an oak-trect grown in a soil but 

nua r ngs. ^^^ ^^ gradually increased year by year. By counting the ill adapted for it, as, for instance, a marshy soil, will retain 

number of these so-called " annual" rings, which are very its superiority of species over the inferior timbers, such as 

distinct in some species, it is generally supposed that the willow and poplar, to which such a soil is less unfavourable, 

age of a tree can be ascertained. It is now believed, how- although in quality it will fall £sir short of the standard of 

ever, that this is not always a true indication of the age of perfection for oak timber. In fact, oak grown on such soils 

a tree, a '^ ring," more or less distinct, being formed in the will, in some measure, partake of the qualities of the timber 

wood by any sudden augmentation of growth, consequent to which they are better adapted, and be of more open tex- 

upon a track of warm weather succeeding a colder season, ture, of softer fibre, and of less durability, than average oak 

or a moist period succeeding to extreme drought in sum- timber. Oaks of slow growth, those for instance firom the 

mer. It may thus happen that several rings are formed in mountains of Scotland, and from Cumberland and York- 

the wood during one year's growth only. Although the shire, are proverbially hard and durable. The oak from Disease* 

sap of a tree is most active in the spring, and during the marshy soils is oflen of a dull-red colour, or has '* foxey" ^^^ *<^*' 

season of vegetation, it has been ascertained that it is never stains in it, as this incipient decay is called. These stains ^??H^^ 

altogether stationary, except during severe frosts. are generally around the heart of the tree. Timber grown ™^inj. 

When the When the induration of the sap-wood has reached its in loose soils is often what is termed " quaggy ;" that is, the timber is 

two should extreme limits, the proper time has arrived for the tree to centre of the tree is full of shakes and clefts. Sometimes liable, 

down^ be cut down. This may arise, however, firom other causes a shake will extend around a great portion of the trunk, 

than mere old age. Ungenial climates and situations check between two of the annual concentric layers, so as to divide 

the free circulation of the sap, and the new layers of wood them from each other. This is called a cup-shake, and 

and inner bark are thus imperfectly formed or greatly at- the timber is said to be '' cuppy.** It is not attributable to 

tenuated in substance,'and the tree shows all the symptoms the soil, but is supposed to originate in the effect of frosts 

of premature old age at a period of its growth, when, had on the aqueous sap in its ascent. When the alburnum of 

it been reared under more favourable circumstances, it a tree has been wounded, or a branch improperly lopped 

Sitaatinna would have been still young and vigorous. External in- or damaged, the subsequent growth of the tree will cover 

for plant- jury, by which water is admitted into the substance of the it, and it is then called a rind-gall, which, should the in- 

Ing timber. ^^^^^ ^jjj equally induce premature decay in a tree other- jured part have had time to become decayed, or partially 

wise sound and flourishing. Hedge-row timber is particu- so, or even sodden with the rains, will frequently cause an 

larly exposed to accidents of this kind, and the practice of extensive rottenness in the plant. This is remarkably the 

planting valuable trees in such situations should either be case with elm timber. '* Doatiness," probably dottiness, 

sparingly adopted, or avoided altogether, more especially which is a spotted or speckled appearance, like small stains 

as the growing crops are much injured by them. At the in the wood, is most commonly a disease of beech timber ; 

same time, waste corners and outlying pieces of ground, it is, however, occasionally seen in all, and frequently in 

perfectly suitable for trees, and indeed only profitable when the American oak. These diseases are in general inciden- 

planted, are too often led vacant in their native barrenness; tal to the soil, 
for a wise Providence has so constituted the majority of In treating of soils in connection with the qualities of the 
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Tlmb«r. timber which grows upon them, it may be necessary to re- 
^i-*v^*^ member that the object is not to compare various sorts of 
timber, but to compare the differences in the same species 
in connection with the soils which produced them. It may 
also be observed, that as oak is by far the most valuable 
timber of English growth, the general inquiries we may 
enter into in the course of this article principally apply to 
it, unless other species of timber are particularized. 
Fffecta of a We have already casually adverted to marshy soils, and 
wanhy ^q (hg state of the timber grown on them. The grain of 
*® such timber is open, its colour of a deep yellow, sometimes 

with a tinge of red, especially towards the heart ; the texture 
is sofV, and the fibre coarse. The quantity of alburnum, 
and also of bark, is large in comparison w^th the quantity 
of perfect wood, and the outer surface of the bark is very 
coarse and rough. The wood splits easily, and when split 
it has not the same bright and varnished appearance pos- 
sessed by the best timber. The chips firom the axe do not 
cling well together, but fall into separate fragments ; and a 
shaving or a small splinter may be easily crumbled between 
the finger and thumb. When such timber is weighed, 
although it is far more saturated with moisture, it is of less 
specific gravity ; and when weighed after seasoning, the 
weight lost will be comparatively greater. Such timber, it 
is evident, will be more subject to decay, and to become 
worm-eaten, the softness of its texture inviting the attacks 
of insects. 

These peculiar characteristics attach more or less to 
timber grown in all soils which are of a moist nature, 
whether they are marshy, or wet from long continued pe- 
riodical inundations. They also apply to timber grown in 
deep sandy soil, in which almost the only nutriment for the 
roots is the water which percolates downward, and the 
bottom damps which rise upward through it. In all these 
soils the timber is of rapid growth, and the trees attain 
early to a large size. A similar result attends the timber 
grown in sandy soils on a clay bottom, for the water which 
&lls, not being able to penetrate the clay, cannot escape, 
and the roots of the trees are therefore virtually in the 
same circumstances as if they were growing in marshy 
land. As a general axiom, timber trees have an antipathy 
to stagnant waters ; and, therefore, these observations on 
marshy soils, and on sandy soils with clayey bottoms, refer 
The most themselves to this fact. The soil generally the best 
favourable adapted for the growth of timber appears to be a rich 
loam. This may have a considerable admixture of sand, 
without any apparent detriment to the timber. In such 
soils roots can penetrate and spread without difficulty, while 
the loam is capable of retaining sufficient moisture to dis- 
solve and hold in solution the various substances that are 
found combined with it, so as to iit them to be absorbed as 
food by the roots of the plants. If the soil be too sandy, 
it neither retains the moisture sufficiently long in it, nor 
does it contain adequate nutriment. If, instead of a loam, 
some of the very stiff clays be mixed with the sand, they 
do not counteract this quality ; for although such clay is 
capable of combining witii a great quantity of water, it will 
not easily absorb and mix with it ; and the tender roots 
have great difficulty in penetrating the masses of clay. 
For these reasons, soils composed wholly of stiff clay are 
not favourable to the growth of good timber, but the lighter 
clayey earth produces very fine oaks. As has been before 
stated, sand or gravel, with a large mixture of rich loamy 
earth, is precisely that sort of dry generous soil which 
affords ample nourishment to the roots of trees, and allows 
of their spreading themselves freely in search of it. 

Of all timber oak accommodates itself most easily to 
soil ; growing in almost every thing but sterile sand, if 
there be sufficient depth of stratum. Wherever oak will 
grow, even in those soils the least genial to its growth, it 
4s a valuable timber. This fact cannot be too oflen pressed 
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upon the attention of landholders. It is well adapted for Timber, 
planting in hedge-rows between arable fields, because it is V-^^y-^*/ 
found to be less destructive to the undergrowth than almost 
any other timber ; and as its roots seek their nourishment 
deep in the soil, they not only do not impoverish the 
ground for the growing crop, but are themselves protected 
from any injury which they might otherwise sustain from 
the tillage. Oaks so planted require, however, to be pro- 
tected during several years, as their early growth is slow. 
The timber grown in such exposed situations is seldom 
large ; the trees are stunted and crooked ; but this rather 
increases their value for ship-building purposes, as they 
convert as compass or knee timber. The timber of hedge- 
row oak is very close grained ; that of park-grown oak is 
more open, and the trees being better protected, spread 
more freely, and grow to a very large size, with strong 
lateral branches ; while forest-oak will firequently grow to 
a great height without pushing out any lateral shoots. 
Forest-oak is invariably inferior in quality to that which 
grows singly; and in forests the trees that grow on the 
skirts are always the best timber. The oak flourishes in 
variable climates, which is probably the cause of the supe- 
riority of the English oak. The roots of the oak strike very 
deep into the soil, at the same time those of no other 
tree, perhaps, take so wide a range. The top root of an 
oak has been known to descend to a depth equal to the 
height of the tree. 

A curious fact has been established in connection with Connectinn 
the supply of food for trees, which proves that there is not between 
only a proportion between the spread of the roots and that *''®,'?*** 
of the branches of a tree, but that the branches on any "anchei. 
one side of the trunk of the tree are dependent for their 
support on the roots which protrude from the trunk on 
that same side. Both Buffon and Du Hamel found ex- 
perimentally, that when the limbs and branches of any 
part of a tree showed symptoms of decay, the correspond- 
ing roots were invariably in a diseased state. They also 
found, that on that side of a tree from which the roots had 
pushed most vigorously, the annual concentric layers of 
wood were thicker, and that, consequently, the form of a 
section of the tree would be excentric towards that side. 

The determination with which the roots of trees seek The roots 
out for themselves the best localities is surprising. If will seek 
trees of different species be growing on the edge of aO'^'fo*' 
marshy place, that tree which requires most moisture will Jv^'J'^l^** 
push its roots towards the marsh, while that which requires ^^ ' 
a dry soil will push its roots into the dry firm ground. 
Du Hamel relates an instance in which he dug two 
trenches, crossing each other at right angles ; he then re- 
turned the soil into these trenches, and planted a tree at 
the point of their intersection. Some years af\er, upon 
examining the roots, it was found that they had invariably 
pushed into the four lines of trenches, leaving the inter- 
mediate undisturbed earth wholly untouched. 
• An equally important consideration with the quality of Depth of 
the soil is its quantity — that is, its depth below the surface, soil re- 
in speaking of soils in connection with the growth of tim- quired, 
ber trees, it must of course be understood that it is not 
merely the surface-soil which is meant, but that soil in 
which the roots of the trees would push and spread, the 
soil for several feet in depth. It often happens, indeed, 
that the surface-soil may be well adapted for tillage and 
for vegetation in general, and yet the sub-soil, that which 
is essential to the growth of timber trees, may be totally 
incapable of supplying them with nourishment. Trees 
which grow singly, as in hedge-rows or in parks, do not 
require an equal depth of soil with those that grow m 
forests, because they have facilities for spreading their 
roots in search of food. But for forest-trees, whether 
oak, chestnut, or birch, a depth of at least 4 feet of appro- 
priate soil is absolutely necessary for tlie production of fine 
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timber trees. Elm and ash do not require so great a vourably situated as to soil and locality, is truly astonishing. Timber, 
depth. The celebrated Chapel Oak of Allonville, in the Pays de '^-s/'^i*^ 
BufFon has given a scale for the ages at which it is de- Caux in France (which is still standing, we believe), mea- The largest 
sirable to fell timber, dependent upon the depth of soil in sures at its base 35 feet in circumference, and at 6 feet oaks on 
which it grows. He says that a depth of from 2 to 3 feet above the level of the ground it is 26 feet in girth. It is record, 
of soil will not support a tree in a thriving condition for a hollow, the interior having been fitted up as a chapel in 
longer period than fifty years. From 3 to 4 feet of soil 1696, and being still employed in that capacity. The corn- 
will enable the tree to go on improving till about seventy puted age of this tree is between eight and nine centuries, 
years of age; and in soil from 4 to 5 feet deep it will A very large oak was felled in Monmouthshire in 1791 ; 
flourish for a century. These periods are for strong and when converted, it produced the following enormous quan- 
&vourable soils. In lighter soils, at least ten years must tity of timber : — 

be taken from each period, and the timber will then also rphe mam stem, 91 feet long, when sided 330 cub. ft. 

be inferior in quality. As a general rule, the more gene- a branch, 29 feet long, sided 17 inches 68 „ 

rous and favourable to the growth of the timber the soil „ 24 „ „ 19 „ 60 „ 

may be, the longer it is advantageous to wait before felling .» 1^ ». i» 17 »» 38 „ 

it. Trees should never be allowed to become stag-headed The ^two ^^*^?^'^*^|^P^^^^^^^^ *^^ ^^°^*^ 

-that is, to have their upper branches bare of leaves. It is ig^slTed "n^ee^ uken togeThr.^r.T.'.V.V:.;;:;:; 217 [\ 

m the top branches that the first symptoms of the declme other minor but useful conversions 276 „ 

of the tree are to be perceived. The leaves there acquire a 

faded, weakly appearance, gradually diminish in number. Total 1195 

and finally the branches become barren of foliage, and decay. The weight of useful timber in this tree was nearly 30 tons. 
The least appearance of want of vigour in the top of a The bark weighed 3 tons, 17 cwt., 3 qrs. But the largest 
tree should be the signal for its being cut down ; and oak on record, known as Damory's Oak, grew in Dorset- 
even then it is a sure token that the timber is past its shire, and was used as an ale-house. It was 68 feet in cir- 
prime. cumferenre, and the room formed in it was 16 feet in 
The nature of the soil in a track of country may be length. This tree was blown down in 1703. The Cow- 
ascertained either by opening it, or by observing the plants thorpe Oak, near Wetterby, in Yorkshire, measured (in 
which grow upon its surface. Thus, if plants which flourish 1768) 40J feet in circumference at 4 feet from the ground, 
only on marshy land are found at all times of the year on the height of the tree being 85 feet. The Bentley Oak 
any particular track, we may assume that track to be measured (in 1 759) 34 feet in circumference at 7 feet from 
marshy land, whatever its temporary appearance may be. the ground. The Boddington Oak, in the Vale of Glou- 
The nature of the subsoil may often be ascertained by ex- cester, measures, at 3 feet trom the ground, 42 feet, and at 
amining the ditches. The goodness of earth may be tested, 6 feet from the ground, 36 feet in circumference, 
approximately, in the following way. If a hole be dugout, There are not less than 140 species of oak known, and Different 
and the whole of the excavated earth can be afterwards although there are many sorts cultivated and growing in *Pfci«» o^ 
returned into the hole, the soil is poor ; but if, on the con- England, botanists and arborists agree that there are prin- '* 
trary, there is an excess, its quantity is a criterion by which cipally two varieties; these are, the Durmast oak, and 
to judge of the richness of the soil. another, which is commonly called the old English oak. 
Although, as we have seen, too much moisture is un&- although both are supposed to be indigenous. In the Dur- 
vourable to the growth of good timber, a deficiency of it mast oak, the Quercus sessilijhray the acorns grow in clus- 
must equally be guarded against, the timber then suf- ters close to the twig, and the leaves are set on short leaf- 
fering, not in quality indeed, but in size. Wood grown stalks, while in the old English oak the Quercus RobuTy or 
under such circumstance — as, for instance, the Scotch Quercus pedunculaia, the acorns grow generally singly, at 
mountain-oak — is extremely heavy, hard, and dense, and most two together, on stalks of from 1 to 2 inches in length, 
when not "overgrown," or allowed to attain too great an age and the leaves are close to the twig, without the interven- 
before being felled, is very durable, and little liable to tion of any length of leaf-stalk. These are the principal 
shrink or warp. Mountain-oak is therefore well adapted distinguishing marks between the two varieties. Many 
for furniture and panelling, &c. As a general rule, the writers attempt to draw distinctions from the colour and 
quicker the growth of the tree, the more it will shrink when shape of the leaves, and the colour and appearance of the 
converted into timber. bark ; but it is doubtful whetlier these may be depended 
These general remarks afibrd an idea of the difference upon, as, from a careftil examination of the evidence, it is 
in the appearance and qualities of timber grown on good more than probable that the colour and appearance vary much 
Properties soil from that produced on bad soil. It may, however, be de- with the soil and locality. There is no doubt, however, 
of the best sirable to enter a little more into detail. An oak-tree, grown as to the comparative inferiority of the timber of the Dur- 
oak timber, on the soil adapted to the development of its best proper- mast oak. Almost all the English writers on timber have 
ties, not only has its concentric rings thin and close together, asserted it, and both Buffon and Du Hamel corroborate 
but they are also of very uniform thickness, and the texture their assertions, and give a most decided preference to the 
' of the grain is fine. When the wood is split, it has a glossy, oak bearing large acorns on separate stalks over the oak 
varnished appearance, and is of a very pale yellow or straw bearing acorns in clusters ; which characteristics are just 
colour. There is sometimes as much as one-fourth differ- those which distinguish the English from the Durmast 
ence in weight between samples of oak timber ; and the oak. 

heaviest loses a much less proportion of its weight in dry- In favourable soils, the old English oak has seldom more Proportion 

ing, and will also, if immersed in water, absorb less than than 12 to 15 concentric rings of sap-wood; but in the <>^»*P"^*»***i 

the lightest. The amount of sap-wood in the best timber Durmast oak there are frequently from 20 to 25, or even ^-^?p" 

iscomparatively small, and the bark is thin and of a smooth, 30. This seems to prove the inferiority of the I^tirmast ^^^^^^^ 

even texture. In breaking such wood, it produces a sharp, oak ; for it is an established fact, that the best hardwood trees, 

decided^noise. Having but little moisture in its composi- timber is that in which the proportion of heart-wood to sap 

tion, and being less hygrometric in its nature than wood of is the largest. The Spanish chestnut has usually but 5 or 6 

more open texture, it is little subject to decay; and its rings of sap-wood, English elm, about 10; white larch, 15; 

grain being hard, it is not easily pierced by insects. Scotch fir, 30 ; yellow Canada pine, 42 ; Memel fir, 44 ■ 

The great size to which oak-trees will attain, when &- and red Canada pine as many as 80 to 100. * 
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Timb«r. As a general average of the size of oak timber, 66 cubic 

^— N/^fc-^ feet for each end or log of rough timber, and 30 cubit feet 

8ise of oak for each end of sided timber, may be assumed as tolerably 

timber, correct. In order to convert rough timber into sided timber, 

about two-thirds the diameter of the rough log, in the middle 

of its length, is assumed as the most advantageous siding ; 

and, on an average, it is estimated tliat not above one-third 

of each log or end of rough timber is used in the principal 

conversion from it, and this principal conversion is estimated 

to be about three-fourths of the total conversions. 

With reference to the size that an oak will attain in a 
given number of years, much must depend upon the soil 
and the situation. The plan adopted by the late Duke of 
Portland of planting tablets of iron or stone with the trees, 
with the date inscribed upon them, will probably throw much 
light on this subject. Mr Blenkarn adduces the following 
case : — Three thriving oaks, growing on a hard, gravelly, 
and poor soil, were felled in Nottinghamshire, which, on an 
average, girded 15 feet at 3 feet from the ground, and each 
tree contained about 430 cubic feet of timber. These trees 
were known to have been planted in 1692 or 1693, and 
they were above 149 years old (say 150 years) when they 
were felled. As they were perfectly sound, and were yearly 
increasing in size, it is probable that had they been allowed 
to remain another century, their bulk and cubic contents 
would have increased at least one-half. 
Value of The value of these trees when cut down was more than 
oak tim. L.120, a sum equal to 30s. per acre (without taking in- 
ber. terest into account) for the land they occupied during the 

150 years of the growth, — a reply to those who assert that 
timber will not pay the rent of the ground it occupies, 
or injures by its shade. For the first 50 years the land 
would not be much injured by those trees ; and as they 
grew older the acorns, as food for swine, would compensate 
for the loss of herbage under the trees. But the land on 
which these trees grew was not worth 15s. an acre when 
they were felled, and of course was much less valuable when 
the trees were planted. 

" It frequently happens," says Mr Blenkarn, " that pro- 
prietors of large estates have not the slightest idea of the 
value of the timber growing upon them, regarding the trees 
on the property as merely an ornamental accessory, little 
supposing that they may be worth. more than half of the 
value of the estate estimated on the basis of the rental. It 
may be further affirmed that, on most large estates, a great 
portion of the timber could be cut down to the benefit of the 
trees which are left standing. An acre of oak woodland, 
containing 100 loads of timber (which is a low estimate), is 
worth L.650 at a moderate computation ; and 50 acres of 
such property would therefore yield L.32,500 worth of 
timber." This calculation, offered by a professional sur- 
veyor, certainly holds out a strong incentive to planting, 
without taking into account the beauty imparted to the 
landscape, the shelter obtained for cattle, the cover for 
game, and other advantages. It is a well-known fact that 
estates abounding with timber will command a high price 
in the market, and are eagerly sought after, in preference 
to others possessing a better soil, but destitute of trees. 
Plantations In making large plantations of hard wood, it is usual in 
of hard this country to intermix an equal number of birches with 
irood. ^jjg young oaks, for the sake of the shelter they afford, a 
few beeches, larches, sweet chestnuts, &c., being sprinkled 
amongst them. It is believed that oaks raised from acorns, 
which have been sown where the tree is to grow, will ulti- 
mately become the largest and finest trees ; since, from the 
great length of its top-root (or tap-root\ it is almost im- 
possible to transplant an oak without injury to it. They 
should at any rate be moved while small. Fir-trees make 
but indifferent nurses for young oaks, as they neither grow 
80 fast on forest land as the birch, nor will the oak thrive 
under them. A screen of fir-trees is often of great benefit, how- 



ever, when the young plantation is much exposetl Furze Timber, 
and tall grass also, while useful as a protection for game, ^^«^v^*^ 
will not injure the young trees planted amongst them, as 
tliese, though at first overgrown, and apparently choked by 
the furze, will soon rear their heads above the cover, thank- 
ful for the shelter thus afforded them while young. 

It has been found that the best season for planting on Time nf 
light ground is as soon as possible after the beginning ofplanting. 
October, and for heavy, moist land, in February and March. 
When the quality of the ground varies very much, which 
is almost sure to be the case in extensive plantations, the 
species of the trees should be varied accordingly, and the 
appearance of the wood will be much more beautiful than 
if uniformly planted with trees of one kind. As the oak, 
however, fortunately thrives on almost any soil, no portion 
of the wood should be destitute of them. 

Where artificial drainage becomes necessary, open drains Artificial 
are preferable to close ones, as being less liable to get <^n^ni^ge« 
choked up with the fibres of the roots. Strong clay soil 
(of which a great portion of wood-land consists), when so 
overshadowed by trees that the natural evaporation from 
the surface is much impeded, becomes almost impervious 
to water, and the stunted growth of trees, particularly the 
oak and the ash, and the dead branches in the tops of the 
oaks, called stag-heads^ are mostly attributable to this cause. 
Good drainage has also the effect of increasing the tem- 
perature of the soil. 

In large woods which are planted on nearly level ground, Open 
it is recommended to leave occasional open s|)aces or glades, g'^®" 
in the thickest parts most remote from the boundaries, f**^"^^ ^® 
unencumbered with brush-wood. These tend greatly to 
encourage the free circulation of air through the wood, a 
point of considerable importance in the economy of vege- 
tation. These glades may be rendered very beautiful by 
planting in them a few choice specimens of ornamental 
trees, which will generally thrive well in such a situation in 
consequence of the protection afforded by the surrounding 
wood. In thinning woods, care should be taken to remove Thinning 
such trees as show any signs of decay, or when one tree woodi . 
interferes with the growth of another, the cleanest, straight- 
est, and those with well-formed compact heads, being alone 
reserved for timber. The oak and chestnut, as the most 
enduring trees, should be chiefly left to posterity; the 
beech, ash, and others, being cut down as they arrive at 
maturity. 

In consequence of the great value of the bark of oak, it Beat teason 
is the practice to fell the timber in the spring of the year, for felling 
because then the bark is easily detached firom the tree,*'™^®'* 
while the bark of winter-felled timber is lost. There can 
be little doubt, however, that the durability of the wood is 
much deteriorated by this practice. It was a received 
opinion among the ancients that timber should be felled in 
the fall of the year ; and not only do modern experiments 
confirm this opinion, but modern discoveries as to the flow 
and return of the sap, and its nature at various seasons, tend 
to show the reason for its correctness. The practice which 
almost all the eminent arborists have recommended, and 
supported by their experiments, is to bark trees standing 
in the spring, and then allow them to remain in this state 
at least one twelvemonth. This was not an uncommon 
practice in some of the midland counties of £ngland, and 
was first strongly recommended in the reign of James the 
Second by Dr Plott, an arborist of great celebrity at that 
time. Buffon presented a memoir in 1738 to the Royal 
Academy of Sciences in Paris, " On increasing the Solidity, 
Strength, and Durability of Timber ;" for which purpose 
it was recommended to strip the tree of its bark during the 
season of the rising of the sap, and then to leave it to dry 
completely before being felled. Du Haniel gives most 
minute accounts o^ experiments made by himself, all tend- 
ing to the same conclusion ; and Dr Hunter, in his notes on 
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Timber. Evelyn's Sylva, says, " that by stripping off the bark, and 
Vi^ihy-^^ allowing the tree to stand and die before it is cut, the sappy 
part becomes as hard and firm as the heart." Here is a 
collection of opinions, of such weight, that the general fact 
which they assert must be considered to be established be- 
yond contradiction. Buffon also says that he caused pines, 
firs, and other species of evergreens, to be barked standing ; 
and as he found them live longer after the operation than 
oaks which had been also stripped, he considered their wood 
acquired proportionately greater hardness, strength, and 
durability. He recommended the practice for fir-trees 
destined to be converted into ships' masts. 

We shall now notice a few of the peculiarities of other 
trees most esteemed in this country for their timber. 
Elm tim- The Elm, of which, like oak, there are two principal 
bep. varieties, will not bear a damp soil with stagnant waters, 

but it thrives well in moist declivities, provided the land be 
not too rich. The trees grown on too damp a soil either 
die prematurely, or their timber is of a soft spongy nature, 
and prone to decay. There are two British varieties of 
this timber, the Ulmus Montana^ or Wych elm, and the 
Ulmus CampestriSf or, as they are sometimes called, the 
Scottish and the English elms. Of these the Wych elm is 
decidedly the most valuable as timber, and, when used in 
situations where it is kept constantly moist, is extremely 
durable ; but no elm timber will bear the trials of change 
of temperature and moisture to which oak in all its varieties 
is comparatively insensible. The close and interwoven grain 
of elm, the absence of decided longitudinal fibre, and its 
power to resist rending from exposure to the heat of the 
sun, and the alternations of weather, cause its timber to be 
very useful for small articles, such as the blocks used in 
the rigging of a ship. It is valuable in many parts of the 
millwright's machinery, where the wood is subjected to cross 
strains or great friction. It is also valuable and much used 
both for the timbers and for the planking of ships below 
the surface of the water ; and the planks of clinker-built 
boats are very generally of elm. There is one peculiarity 
about elm timber, namely, that the alburnum or sap-wood 
is possessed of nearly equal power to resist decay with that 
which is matured ; that is, when both are used in situations 
where they are not exposed to alternations in moisture. A 
va|-iety of timber has of late years been introduced into the 
market under the name of Canada elm, or American rock 
elm. It is a smooth, even textured, pale-coloured, and 
strongly fibrous wood, almost devoid of knots, and admir- 
ably adapted for boat- building, and all works which require 
a fiexible and close- textured wood. The Canada elm 
appears to have many of the peculiarities of toughness and 
flexibility which distinguish the ash. The elm-tree, which 
is much to be admired for the stateliness of its growth, 
sometimes arrives at an enormous bulk. King Charles' 
elm at Hampton Court measures 38 feet in circumference, 
at the height of 8 feet from the ground. The Wych elm 
at Field, Staffordshire, is 25 feet in girth. 
dMetnnt The Chestnut, Fa^us caslafiea (called Spanish, or 

timber. sweet chestnut), is a very valuable timber tree, its wood 
being eoually durable with that of oak. It was much used 
for building purposes in former times, both in this country 
and on the Continent, but its cultivation has been too much 
neglected of late in England. Chestnut timber may be 
seen in a state of perfect preservation in many parts of an- 
cient ecclesiastical buildings, Pugin having specially dis- 
tinguished it by name in the engravings of some of his 
works. 

This tree, as well as the beech, appears to suffer less than 
any other of the timber trees from being planted in a moist 
sandy soil ; but as the roots of the chestnut extend &r 
downwards, they require a proportionate depth of soil. It 
grows with fi*equent twists and contortions of the stem, 
which, while it adds to its picturesqueness for ornamental 



purposes, certainly detracts from its value as a timber tree. Timber. 
Some of the largest chestnuts in Europe are found on the S«^^^^^»/ 
flanks of Mount Etna. The largest known in this country 
is at Tortworth in Gloucestershire. As their shade is de- 
trimental to other trees, they should either be planted in 
clumps by themselves, or be given full room to spread. 
When the timber of the chestnut has been some time in 
use for roofs or joinery, it is difficult to distinguish it from 
oak. 

The Beech» Fagus^ is a timber that easily adapts itself B®«cl» *>™* 
to, and flourishes in, almost any soil. Even among rocks ^•'* 
its roots will, like those of firs and larches, insinuate them- 
selves into the smallest fissures, and find means to extract 
sufficient nourishment to produce a useful timber. Beech 
timber, when used shortly after being felled, and for works 
where it will always remain in a damp state, is a long-en- 
during wood. It is largely applied in the mercantile navy 
for the lower planks of the bottoms of ships. The best 
variety has its wood of a yellow tinge. It is much used for 
making cheap furniture ; also by railway contractors and 
others for temporary purposes, and by coopers. The sym- 
metrical shape of the beech, and its bright glossy leaves, 
render this tree highly ornamental in the park or shrub- 
bery, and the varying hues which its leaves assume as the 
autumn approaches are a great additional recommendation. 
As no tree suffers more from injudicious pruning of the 
roots or branches than the beech, it is better raised from 
seed in the situation it is intended permanently to occupy. 

The Ash, Fraxinus Excelsiovy will also accommodate -^^'^ ^i™" 
itself to all soils. It will grow in marshy grounds, and in ^^* 
arid land, in deep or in shallow soil. The value of its wood 
for general purposes is second only to the oak in the list of 
British timber trees. The ash timber from very poor soils 
is brittle, wanting the elasticity which is the valuable pecu- 
liarity of this wood. It is a very useful timber for carts 
and implements of husbandry, for machinery, for tools of 
almost all trades, and it supplies oars to our shipping. When 
planted in a genial situation, it attains to a very great size, 
specimens being sometimes found which measure 30 feet 
in circumference, and 100 feet in height. 

We have hitherto confined our remarks to the hard- wood J^ *'™" 
timber trees, without noticing the numerous Firs which are 
so valuable to us. Their timber is admirably adapted by its 
manner of growth, its lightness, and strength, to supply our 
navies with masts and spars ; while from its comparatively 
small cost, and the ease with which it is worked, it is used 
very largely for all purposes of building. Indeed, it is ques- 
tionable whether fir is not more generally useful to us than 
any other species of timber. Du Hamel, in his treatise 
Du Transport et de la conservation des Bois, has drawn a 
distinction between firs and pines, although it is usual to 
designate the timber of both as fir timber. Pines, he says, 
have the leaves thready and slender, growing in clusters 
from the same leaf-stalk, while firs have straight leaves, 
each growing separate, but many growing on the same leaf- 
stalk like the teeth of a comb. Trees of the pine tribe have 
one principal root growing straight down likea carrot, with few 
fibres, while the roots of the fir are more lateral and super- 
ficial. The pines grow with their trunks much less taper- 
ing towards their tops than the firs ; they are, therefore, 
from shape, more adapted for masts than firs. Their wood 
is also more resinous, and the resin is of a more glutinous 
nature, and therefore less easily evaporated. This quality 
enables the timber to resist better the absorption of water 
or mobture. The pine is more durable than the fir, and 
its fracture is, even when partially decayed, much more 
fibrous, and takes place with more previous warning. The 
timber of the pine, when healthy, is close-grained, even- 
textured, and of a bright yellow colour. The fir, although 
frequently little inferior in appearance in other respects, b 
always of a much paler shade of colour. 
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TlxBber. The most valuable of all the varieties of fir timber is 
v^.^^^^i^«/ that which is called Riga Fir. It is the red-wood pine of 
Riga or red ^^e north of Europe, the Pinus Silvestris^ which, although 
pine. spread over a very large portion of the globe, apf)ears to 

flourish in its greatest perfection in the forests of Lithu- 
ania and Poland, where the cold is severe and the soil 
generous. Riga Br is not only extremely flexible and elas- 
tic, but is by &r the most durable of all the pine timbers ; 
and as long as it could be procured of sufficient size, it was 
generally used in the royal navy, not only for topmasts, but 
also to build the lower or standard masts. At present, from 
the difficulty of procuring large sticks, the use of it is con- 
fined to topsail-yards and the smaller description of spars. 
The American continent also produces this red pine tim- 
ber of good quality, although much inferior to that of the 
north of Europe. It is imported from Canada and from 
Virginia. The Canadian red pine is of small size, seldom 
exceeding 14 hands. The Virginian pine is large, sticks 
of 24 and 25 inches in diameter not being uncommon. It 
is a resinous and flexible wood ; but the sticks are more 
subject than the Canadian red pine to the defect of large 
knots, which, from not being firmly united to the surrounding 
timber (technically, " well -collared"), injure its value. The 
Scotch fir. red pine thrives extremely well in Scotland, where it is called 
Scotch fir, but is not equal in quality to that imported from 
the north of Europe. The French dockyards are supplied 
with mast-timber from the red pine of the Pyrenees and of 
the island of Corsica, but neither of these is of first-rate 
quality. Indeed, a climate of low temperature appears to 
be essential to the growth of superior fir timber. The firs 
on the northern sides of hills and mountains, in all tem- 
perate climates, thrive better than those growing on the 
southern slope; and even the timber of the northern side 
of an exposed fir-tree is much superior to that of its south- 
ern side. 
Yellow Yellovt Pine, the Pinus StrobiiSy which is imported 

pine. firom Canada, is the principal timber now available for 

large masts and yards, and is very generally used both in 
the royal and mercantile navies, as well as for building 
purposes. It has neither the flexibility nor the elasticity 
of the red pine, nor is it so durable, but it is much lighter. 
Its great recommendations are its large size and its com- 
paratively small cost. Sticks of this timber run from 16 to 
27 or 28 inches in diameter ; and for bow-sprits they are 
sometimes received in the royal yards as large as 29 and 
30 inches in diameter ; but sticks of these large dimensions 
are becoming very scarce. This timber grows also in 
Great Britain, where it was first introduced by an Earl of 
Weymouth, whence it is called the Weymouth pine ; but 
it does not appear to thrive well in this climate. 
Bprace The Spruce Fir, Pinus Ahies^ grows in Scotland, Nor- 

fir. way, and other northern countries. It is very generally 

used in the mercantile navy for yards and top-masts, and 
also in the royal navy for the smaller description of spars 
and boats' masts. They are tough, close-grained, and 
elastic, but are very full of large knots ; and care is therefore 
required in selecting them. The timber also is sofl and 
far from durable, it having very little appearance of resin. 
The Norwegian spruce grows frequently to a large size. 
Cedar. Cedar, Pinus Cedrus, would be among the most valuable 

of all timber trees, were it sufficiently common to be avail- 
able for building purposes. It is almost indestructible from 
time, and no insects will ever attack it. It thrives well in 
this climate, but hitlierto has only been planted either as 
an object of curiosity or of ornament.' It requires a more 
generous soil than any other of the tribe of pines, and is 
considered to be a timber of very slow growth. Pitch- 

Cine is also a very valuable timber for building purposes, 
ut it is too heavy for spars. 
Fir sticks, the Riga hand-masts especially, are very liable 
to have serious defects in them, which it is oflen impossible 



to discover until the stick is worked. They are techni- Timber, 
cally called ** upsets." The grain appears to be partly sepa- ^^--s/^^ 
rated, so that a shaving from the stick at that place would Defects in 
bend to a sharp angle at the upset, as if partly broken, fir timber. 
There always appears to be a greater or less accumulation 
of the turpentine about the injury, as if it had originally 
exuded at the wound, and become congealed around it. 
These defects are most frequently found in the smaller 
sticks, those especially that are more resinous and knotty 
than others ; and they sometimes are so numerous as to 
extend, at very short distances apart, for a great portion 
of the length of tlie stick. Mr Cradock, who long super- 
intended the mast-making at Portsmouth dock-yard, con- 
siders them to be the efiect of violent winds on the more 
exposed trees of a forest. He founds this opinion on the 
facts that they are most common in the most flexible 
timber ; that they are not perceived in sticks of large dia- 
meter; and that in the firs of little flexibility, as the yellow 
pine, they are seldom or never found ; although the sticks 
of this fir, from being cut in every variety of direction, 
to form the components of made-masts, are more searched 
than any other. The cowdee, a New Zealand timber, 
lately introduced both in the royal and mercantile navies, is, 
he says, much subject to this defect ; and he has observed 
it once in a poon topmast. The defect seldom or never 
appears in tne outer layers of the timber, but only afler 
some of these have been removed by the axe, and the older 
timber laid bare of the sap-wood. 

The sap-wood in all fir timber is useless, and very gene- Sap-wood 
rally there is a large proportion of it in comparison to the 1** ^^ ^i*"' 
quantity of heart-wood. It is rather a curious fact, that ^'* 
there appears to be a difference between the pines and 
the generality of the hard- wood timber in this, that a 
small proportion of sap-wood in fir is indicative of the in- « 
feriority of the timber. Thus the red pine of Scotland has 
fewer layers of sap-wood than eitlier the red pine of Ca- 
nada or of the Baltic. As a general remark, it may be 
stated, that the greater the quantity of sap-wood there is 
about a tree of any description of fir timber, the better will 
be the quality of the '* spine," which is the technical name 
given to the mature wood. 

The Cowdee, which is now largely imported into this Cowdee. 
country, is a close and even-grained timber, almost entirely 
free from knots. It grows to so large a size as to be 
available for the topmasts and other principal spars of the 
largest classes of vessels ; but from its want of elasticity, 
and its liability to warp and rend, it is not so suitable for 
small conversions. It varies greatly in its quality, even so 
much as often to be of different colours, grain, and texture, 
in the same stick. It is about the same average weight as 
Virginia red pine. 

Larch timber, Pinus Larix, formerly unknown in Great Larcn tim- 
Britain, has, within the last century, been very extensively 1>^* 
planted. The first plantations of it were made on the vast 
estates of the Duke of Atholl, in the Highlands of Scotland. 
The following account, which is extracted from Knowles 
On Preserving the Navy^ was, as the author of that work 
states, furnished to him by the late duke, and it contains, 
consequently, the results of the longest experience as to 
the growth of larch timber in Britain which can be ob- 
tained. The account is interesting, because plantations of 
larch are becoming very numerous, as they are found to be 
very profitable. The returns from a larch plantation dur- 
ing the time the trees are arriving at their mil growth, are 
estimated to be at least double what they would have been 
from an equal plantation of any other timber. '* Seedlings 
of larch were probably first brought into Scotland in the 
year 1738 by Mr Menzies ; but it has been asserted by 
some, that they were introduced into that part of this coun« 
try in 1734 by Lord Kames. Some were left at Dunkeld, 
and some at Blair-Athole, by the former gentleman ; and 
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being exotic plants, were placed by the gardeners in green* 
' houses. Not thriving in those situations, they were plant- 
ed in the pleasure-grounds, where they grew luxuriantly. 
When the present duke succeeded to the titles and estates 
(in 1774), there was a considerable number of trees in a 
thriving state ; and on a general survey of his estates in 
1783, there were found to be 900 Scottish acres of planta- 
tion, 600 of which were of larch ; since which time his 
grace has planted extensively every year, and in the spring 
of 1820, 10,820 Scottish, or about 12,984 English acres, 
were covered with trees. The different species were, of — 

Scotch AerM. 

Oak 800 

Scottish fiw 1600 

Spruce fira 500 

Mixed plantations in the pleasure-grounds 200 

Birch 200 

Larch 7620 



10,820 



•* The larch thrives in very exposed situations. The 
lower range of the Grampian Hills, which extends to Dun- 
keld, are at an altitude there of from 1000 to 1700 feet 
above the level of the sea. The larch-trees are planted as 
high as 1200 feet up these hills, and grow exceedingly 
well ; a situation where the hardy Scottish firs cannot rear 
their heads. The spruce fir, however, thrives equally well 
as the larch on high and exposed hills. The growth of 
the larch-trees is very rapid, and Scottish fir of the same 
age will measure only half the quantity ; and so much is 
the wood esteemed in Scotland, that while the former is 
worth 2s. 6d. per cubic foot, the latter brings only Is. 3d. 
The following account of a larch-tree, planted in the year 
1738, and measured February 1819, will give some notion 
of its growth: — 1 foot above the ground, girth 17 feet 8 
inches; 2 feet, 14 feet 6 inches; 3 feet, 12 feet 7 inches; 
6 feet, 1 1 feet 5 inches ; 10 feet, 10 feet 4 inches ; 20 feet, 
9 feet 7 inches ; 50 feet, 6 feet 3 inches ; 70 feet, 3 feet 
2 inches ; 75 feet, 1 foot 10 inches. 

** The top was fifteen feet in height, making the whole 
height 90 feet ; and the tree measured 300 feet, or 6 loads, 
in cubical contents. The white and red larch-trees are 
those chiefly planted. The duke has made trial of the 
black or American, and also of the Russian larch, but has 
found that they do not thrive well. The timber in ques- 
tion has been used for many years in Scotland for almost 
all local purposes, such as posts, rails, mill-wheels, fishing 
and ferry boats ; and in all these situations has been found 
to be very durable. The author has seen part of a ferry- 
boat twenty-three years old, which remained very sound, 
and the iron nails driven into it as perfect as when they 
first came from the forge. This, perhaps, was occasioned 
by their being constantly covered with an insoluble var- 
nish, with which the larch abounds. One of the qualities 
of larch for building merchant-ships is its great lightness, 
a cubic foot, weighing, when seasoned (which it does 
rapidly), only 34 lb. Although it is not so strong as many 
sorts of wood, it has great resilience. Cabinet-work of 
great beauty has been made from larch ; it polishes well, 
and when seasoned is not found to warp or shrink. A 
roost important fact in agriculture has arisen from planting 
larch-trees on rocky ground ; the vegetable compost formed 
thereon by the falling of the leaves has been the cause of 
producing herbage for feeding cattle, and made that land, 
which, on the average, did not formerly bring more than 
8d. or 9d. per acre, now to be worth from 12s. to 14s. per 
acre annually." 
Cultivation Inarch timber, although so generally planted, and so 
of the generally thriving, requires considerable attention in the 
iarcli. selection of proper soil for it. It is very subject to a heart- 
rot, which seizes on the roots, and rapidly proceeds up the 
centre of the stem of the plant, the latter swelling con- 



siderably for several feet above the surface of the ground. Timber. 
Larch cannot bear a cold damp soil, or any stagnation of N^^^y^^^ 
water, or even the moisture of the rich vegetable moulds. 
Nor will it thrive in the light sandy soils ; for although it 
dislikes marshy stagnant waters, its roots require to be pre- 
served from the droughts of summer. Sandy and gravelly 
soils, if situated so as to receive from declivities the mois- 
ture percolating through them, will produce excellent larch 
timber ; as will also tlie sides of rocky hills and mountains, 
in which no moisture can stagnate, and into the fissures and 
clefts of which the roots easily penetrate and find ample 
nourishment. Larch-trees attain to a very great height. 
In some of the public buildings of Venice there are said 
to be single- pieced beams of larch which are 120 feet in 
length. It must be very durable, for it is almost the only 
wood which was used in the palaces and public buildings 
of that city. 

The timber imported from Canada under the name of American 
hackmatack is believed to be identical with the Scottish timber, 
larch. The timber of America in general is very inferior 
to that grown in the north of Europe, being much softei 
in its nature, not nearly so durable, and more liable to the 
dry-rot. American timber is therefore seldom used in 
ship-building, except for deck-deals, and but sparingly also 
in the construction of first-class houses. 

In consequence of the immense consumption of timber Foreign 
for the maintenance of our fleets, we are obliged to import ^^^c- 
much fi-om abroad. We obtain oak of excellent quality Oak. 
for planking from Poland and the shores of the Baltic; 
while from Italy, and from both sides of the Adriatic, sided 
timber and plank are imported in large quantities. Ame- 
rican oak and rock-elm are both valuable timbers, and are 
now coming into very general use in this country, being 
introduced in considerable quantity. The former is used 
by cabinet-makers and carriage-builders, principally on ac- 
count of its great size, uniform texture, straightness of grain, 
and little tendency to warp. Its specific gravity is some- 
what less than that of English oak. Rock-elm is becoming Rock-eloL 
much used for engineering pur[)0ses. It is remarkably 
uniform in texture and growth, and perfectly straight and 
free firom knots. Its great length and uniform siding ren- 
der it extremely useful for longitudinal ties, piles, and 
other purposes, which require great length, combined with 
uniformity in dimension. For example, a baulk of rock- 
elm, 54 feet long, was found to taper only 1^ inch, and 
when slabbed, was 12^ inches square in section, and 51^ 
feet long. A specimen cut from this baulk weighed 50 
lb. per cube foot, its specific gravity being equal to that 
of English oak. 

One of the most largely imported woods of tropical Teaa. 
countries, and one of the most valuable, is teak. It grows 
to an enormous size, is particularly straight and free from 
knots, and has the peculiar property of resisting the attacks 
of insects. It possesses greater toughness than almost any 
other wood of equal weight, and is little liable to dry-rot 
or other disease. The great durability of teak is to be 
attributed to the large amount of oleaginous matter con- 
tained in this timber. Like all other woods, it varies much 
in quality, according to the locality where it is grown, 
The finest teak comes from Malabar ; then follow the im- 
portations from Travancore, Ceylon, Java, the Malayan 
Peninsula, from Pegu and Moulmein. The two last de- 
scriptions of teak are very inferior to the Malabar variety, 
being comparatively coarse, porous, and open-grained; but 
this inferiority is believed to be due rather to the low 
swampy locality from which it is cut for the foreign mar- 
ker, than to any inherent bad quality of the timber. Its 
weight, when moderately seasoned, may be stated to be 
42 lb. per cubic foot, while the weight of Malabar teak, on 
an average, is from 45 to 52 lbs. per cubic foot. The 
forests of Tonga and Irrawaddy supply the whole of the 
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• Timber. Pegu teak. That of the Tonga forests is of the best qua- 
^^^^^y/^m^ lity, the country being high, and not flooded during the 
rainy season; whereas the forests of the Irrawaddy are 
always in a swampy state, and are part of the year covered 
with water sufficient to allow of the trees being floated 
fipom where they are felled. The Birmans are in the habit 
of tapping the teak-trees, particularly those which are 
straight grown, to extract a varnish or oil, which is highly 
prised by them, and used chiefly for protecting their pa- 
godas or temples from the weather, for which purpose it is 
very effectual. These edifices are built entirely of untapt 
teak, as the Birmans consider the timber to be much in- 
jured, both in its strength and its durability, by being 
deprived of this oil. The principal parts of these temples 
are sunk in the ground, and although so fixed, the timber 
remains perfectly sound, notwithstanding many of them 
have stood nearly a century. 

Inferior as the Pegu and Moulmein teak is to the Mala- 
bar or Bombay teak, it is still preferable to the saul, which 
is now imported to this country in considerable quantity. 
This is a hard heavy wood, growing in Behar, Oude, and 
the inexhaustible forests skirting the hills that form the 
northern boundaries of Bengal. It varies much in quality, 
the best timber being found occupying the rocky ground 
at the foot of the hills, while that grown in the alluvial 
plains is very inferior. As a rule, it deteriorates in quality 
the further it is produced to the westward. Sauls of large 
dimensions are now becoming very scarce, as the whole 
of the forests within a reasonable distance of the navigable 
streams are quite exhausted ; but it is hoped, that as the 
Indian railways extend into the interior of the country, a 
further supply of valuable timber will thus become avail- 
able for exportation. The best description of saul, if well 
seasoned, may be classed, in point of durability, with the 
best sort of African timber, now so extensively used by 
ship-builders in this country. The greatest care is neces- 
sary in the selection of saul for immediate use, on account 
of its requiring a long time to season, and it must not 
be employed in ship-building for any part exposed to the 
sun, as it shrinks very much. Saul is used for the frame, 
beams, shelf-pieces, breast-hooks, and inside planking of 
ships built in Calcutta. 

The principal woods used in India for ship-building are, 
besides teak and saul, sissoo, jarrol, poon, and toon, teak 
being the most durable of them all. Indeed, from the 
great length of time which several vessels built of Malabar 
teak have lasted (from thirty to fifty years, and in some 
particular instances nearly a century), this may be said to 
be the most valuable timber for ship-building purposes yet 
known. It is, however, like every other kind of wood, liable 
to premature decay, if not properly and gradually seasoned 
by exposure to a moderate current of air, after being felled. 
Java teak is of very superior quality, little if at all inferior 
to that from the Malabar coast, and is extensively used for 
ship-building at Calcutta. '' The teak which is grown on 
high, dry, and open land," says Mr Leonard Wray, in a 
paper read to the Society of Arts, " is generally of a fine 
quality, close and compact, and abounding in a mild oil, 
which exerts no injurious effect upon the iron bolts which 
may be driven into it. That grown in the dense forests 
of the wet, low-lying alluvials, on the contrar}*, is lighter, 
coarser grained, and contains an acrid oil, which not only 
affects iron very materially, but even, to a certain extend 
poisons and inflames tlie hand which has been pierced by 
its splinters." 

As a test of the durability of a Calcutta-built ship, we 
may cite tlie Hastings, 74 gun frigate, built at Calcutta 
in 1818. The hull is composed of saul, sissoo, Pegu and 
Java teak, all of the best kind. So great was Uie expense 
incurred in the building of this ship, that when completed, 
tile account, after giving credit for her freight, exhibited 
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the cost of the hull for sea, 1,163,754 Sicca rupees, or, Timber, 
ten rupees to the pound, L. 116,375 sterling. It is usual v«»sy«^ 
in Calcutta-built ships to convert the frame, with the knees, Darability 
breast-hooks, &c., from sissoo timber ; the beams and inside of Indian 
planking being of saul, and the bottoms, wales, topsides, woods, 
decks, keels, stem, and stern-post, of the Pegu teak. 

Mahogany is the produce of America and the West Indies, Mahogasj. 
being principally imported from Honduras and Campeachy. 
That imported from the islands is called Spanish mahogany. 
It differs very much in quality according to soil and locality, 
the weight of a cubic foot varying from about 63 lb. to 85 lb. 

Although mahogany may be stated to be a durable and 
valuable timber both for ship-building and general pur- 
poses, it varies so very much in texture and quality, that 
the utmost care and judgment are necessary in its selec- 
tion. There are many well authenticated instanees of the 
extraordinary strength and durability of ships built almost 
exclusively of mahogany, the most famous being that of 
the Spanish 80 gun ship Gibraltar, captured by the £ng* 
lish in 1757, and broken up at the age of 100 years, when 
all her timbers were found to be perfectly sound. This, 
however, only proves the excellent quality of carefully 
selected Spanish mahogany (the Gibraltar having been 
built at Havannah), it being equally well known that light, 
porous, **swamp mahogany," or indeed any of inferior quality, 
is highly treacherous and unsafe when employed for tho 
timbering of a ship. It is an error to suppose that all Hon- 
duras mahogany is light and spongy, the best quality of this 
timber being as heavy as Malabar teak or £nglish oak, and 
only the inferior qualities of mahogany being so very light 
and buoyant. Mahogany is highly prized for the paddle- 
beams and deck-beams of steam- vessels, in positions where 
these are exposed to the moist heat of the engine-room, 
which is very destructive to most other species of timber. 

According to " Lloyd's" classification of timbers, those ciaasiiSca- 
in the first class are the following only : — English oak, tion of 
African oak, the live oak of America, the morra and green- timbers at 
heart of British Guiana, the teak and saul of India, and l^y^i. 
the iron bark of Australia. These are all close-grained, 
compact woods, hard, heavy, strong, and durable, being 
more or less impregnated with certain oily, resinous, or 
astringent matters. Mahogany of hard texture, though 
treated as a second-rate timber, is so far admitted in the 
construction of A 1 ships, as to include beams and hooks, 
knees, rudder, and windlass, main-pieces, outside planking 
to light mark, and the whole of the inside planking. 

Greenheart, tlie produce of British Guiana, is a very Green- 
valuable timber. It is a hard, close-grained wood, contain- heart, 
ing a considerable quantity of oil, like teak. Its specific 
gravity is about equal to that of African oak, but it is 
decidedly superior to it in strength, toughness, and dura- 
bility. These, however, are not its chief advantages, its 
great value consisting in its complete exemption fi-om the 
attacks of marine worms. It is therefore an excellent 
timber for sluice-gates, piles, and all marine engineering 
works, which would be exposed to their ravages. It is 
imported in logs of firom 12 to 16 inches square, and 
from 20 to 40 feet in length. It has been used in some 
instances for the planking of ships. Mr Wray, from whose 
interesting paper '\0n Timber for Ship-Building" we have 
already quoted, says, that greenheart is very abundant 
within 100 miles of the coast of British Guiana, and can 
be had almost to any extent. 

Another excellent timber of British Guiana, still more Mom. 
abundant than the last, is morra. This tree grows to a very 
great size, often attffming the height of 100 to 150 feet, 
the lowest branches being 60 feet firom the ground. The 
wood is extremely tough, close, and cross-grained, which 
properties make it difficult to split, and render it peculiarly 
applicable to ship-building purposes. It is stated to be 
Uttle subject to dry-roL Ihe other British posseasbns 
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from which we might readily draw a supply of excellent 
timber are Assam and Tenasserim in the north of India, 
our settlements in the Straits of Malacca, and Western 
Australia. From the latter country we have the iron- 
bark, a first-class timber ; the tuart, the jarrah, the blue- 
gum, and the morell. The tuart is a noble timber tree, 
growing in tolerable abundance on the coast. Planks are 
sometimes obtained of it 10 feet wide; and it is said to be 
peculiarly adapted to the building of ships of war, as it is 
difficult to split, and not liable to splinter. In colour it is 
pale-yellow, or white. Its timber is remarkably cross- 
grained, hard, and tough, and very strong and durable. 
The blue-gum is also an enormous tree, "sometimes," 
says Mr Wray, ** yielding planks 14 feet wide, and more 
than 120 feet long." The jarrah of Western Australia is 
frequently confounded with mahogany, to which some 
species of it bear a certain resemblance. Mr Reveley, a 
government engineer in Australia, thus describes the 
jarrah : — ** First, in colour, there is every variety of shade, 
from almost crimson to reddish brown, and pale brown, 
inclining to white. In the second place, as to grain, there 
is almost every variety, from the perfectly straight fibre to 
every species of curl, including the zebra and satin speci- 
mens. The length of the stem of this tree, taking the 
average, may be 65 feet (many being much longer), with- 
out a branch or a knot in all that length, and very nearly 
equal in size all the way up. It is not attacked by insects 
of any kind, nor has it any tendency to dry-rot, and is 
scarcely affected in any way by damp or moisture.*' There 
are forests of this wood in Western Australia of more than 
4 miles in depth, and which are known to extend for a 
length of 150 miles. Here, then, is timber enough to 
maintain our navy for a hundred years to come, if we 
would only avail ourselves of the resources of this valuable 
colony, and encourage the exportation of its timber, by 
providing a ready means of access to a shipping port. 

We shall now mention a few other species of timber 
trees, of minor importance to the preceding, but still useful 
for many purposes of construction. 

Acacia, is of small dimensions, seldom exceeding two 
feet in diameter ; but when used in house-carpentry is*very 
durable. It is harder, tougher, and more elastic than the 
best oak. It is a valuable timber for tree-nails for ship- 
building ; also, for posts and rails for fences, in which capa- 
city it is very enduring. 

Alder. — The wood of this tree lasts a long time under 
water, which renders it valuable for piles, water-pipes, &c. 
It has a close texture, a fine colour, and works well under 
the plane, which makes it a favourite with the cabinet- 
maker. The best charcoal for gunpowder is made from 
this wood. When burned in the open air, 1000 lbs. of the 
ashes yield 65 lbs. of potash. 

Birch, — This wood is hard, but not very durable. It is 
chiefly used for making cheap furniture, and for firewood. 

Box is a valuable wood, being very close-grained, hard, 
and heavy, and cuts very clean under the chisel or graving- 
tool, being therefore used almost exclusively by the wood- 
engraver. Being susceptible of a fine polish, it is much 
used by the turner, mathematical instrument- maker, &c. 
It is also very durable. 

Cedar (Cedrus pinus) grows to a great size ; the timber 
is resinous, of a reddish-white colour, light and spongy in 
its texture, easily worked, but apt to shrink and warp if 
great attention be not paid to the seasoning. It was much 
valued by the ancients for its durability and preservative 
properties. The wood is odoriferous, and admirably adapted 
for joiner-work, being light and easily worked. Although 
a resinous wood, it contains but a small quantity of that 
substance. It resists the attacks of insects. 

Cedar^ Indian (Cedrus deodara), is also a very large 
tree. The wood is very compact, highly impregnated with 



resin, and possessed of a hard and fine grain. Its durabi- Umber, 
lity when exposed to the weather is very great, some bridges v^»y^ 
constructed of it in India having lasted for five hundred 
years. It is much used by the Hindoos in their buildings. 

Chestnut (Castanea) has been already mentioned as a 
very excellent timber for building purposes. The Horse 
Chestnut, on the other hand, is a soft, inferior wood of but 
little strength or durability. It resists moisture, however, 
and may be advantageously used for water-pipes under 
ground. 

Cypress is a fine-grained wood, remarkable for its great 
durability, and its freedom from injury by worms or insects. 
Owing to this property, it was employed in Egypt for 
mummy-cases. 

Hornbeam is a hard, heavy, tenacious wood, very close 
grained. It is much used for cogs of wheels and other 
engineering purposes, where the material is exposed to 
friction. 

Lignum vitts is a very hard, dense wood, much used by 
millwrights and turners ; its chief use, however, is for the 
sheaves of blocks. It is also employed by the engineer for 
lining the sockets of shafts, which are found to revolve in 
it with little friction and wear. 

Lime, though a highly ornamental tree, and growing to a 
great size, is not of much value for its timber, which is soft 
and light, and deficient in strength and durability. Being 
close grained and smooth in its texture, however, it is well 
adapted for carving and cabinet-work. 

Maple is a clean, white wood, prized for its lightness, and 
is used by the turner for making dishes, bowls, and trenchers ; 
and by the joiner for common furniture. As it is not liable 
to warp or split, it is readily stained to imitate mahogany 
and other woods. 

Plane. — The wood of this tree much resembles the 
beech. It is used by the joiner and cabinet-maker, but is 
not remarkable for strength or endurance. It keeps best 
under water, and is used in America for quays and other 
marine works. 

Poplar. — The wood of this tree (of which several kinds 
are grown in this country) is much used by builders for 
floors, especially, as it does not easily split by driving nails 
into it, and it has the property of not readily catching fire. 
When used for this purpose, however, it requires from two 
to three years' seasoning, as it shrinks much in drying. 

Sycamore, when kept dry, is durable ; but is readily 
attacked by the worm. It is a species of maple, and is pos- 
sessed of similar qualities. 

Walnut is one of the most valuable of English timbers. 
The wood is solid and compact, easy to work, not liable to 
crack or warp, and handsome in appearance ; it is there- 
fore much used for the better class of furniture. The screws 
of presses and gun-stocks are generally made of it. The 
black Virginia walnut is the most prized. It prefers hilly, 
calcareous soils. 

Willow is a sof^ smooth, light wood, of little value ; but, 
if kept dry, it will last a long time in situations where much 
strength is not required. 

Yew was principally used of old for the making of bows, 
and is now a favourite wood with turners from the smooth- 
ness and toughness of its grain, and from its taking a high 
polish. It sometimes attains an extraordinary bulk. At 
Gresford, near Wrexham, there is a yew 29 feet in circum- 
ference at a little distance below the branches; and in 
Dibdin churchyard. New Forest, there is a yew-tree mea- 
suring 30 feet in girth at the ground ; while others, of 
large size, occur at Iffley, Hampton Court, Dorly-in-the- 
Dale, Tisbury, and other places. When found growing in 
churchyards, they may be generally reckoned as coeval 
with the church itself. 

As the strength of timber has been already treated of in 
the articles. Strength of Materials, and SHip-BuiLDUi<it 
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we have little to add here upon this important subject. It 
nuiy be observed, however, that the weight or density of a 
timber is in general a sure index to its strength, the dens- 
est wood being at the same time the strongest and the most 
durable. The oak, as well as all other timbers, varies in 
its specific gravity according to the soil which produces it, 
the density mainly depending upon the length of time occu- 
pied in the formation of me wood. Those trees which 
grow fast from being located on moist, sandy soils, never 
produce such strong timber as others of slower growth. It 
has been found by ^experiment, that the bottom part of the 
trunk, with the corresponding branches, is denser and 
stronger than the upper part of the same tree. Those 
trees which are suffered to complete their full term of 
growth before being cut down, have their heart-wood 
diroughout of the same weight and strength, taking a cross 
section of the trunk at any one place, whilst those that are 
felled prematurely are found to possess these qualifications in 
the central portion of the wood only, which is then consider- 
ably harder than that immediately surrounding the sap- 
wood. In trees which have been over-grown, on the other 
hand, the central portion of the wood is the weakest, the 
process of natural decay always commencing in the heart of 
the tree. It is a common thing to see the heart of some 
fine tree (blown over by the wind, perhaps), which, to an 
untrained eye, looks perfecdy sound and flourishing, to be 
already disintegrated by the spreading filaments of dry-rot, 
which have attacked it so soon as its vigour began to flag. 
The age at which oak timber is at its prime, is generally 
suppoMd to be from eighty to a hundred years, although 
this depends, as we have before explained, upon the nature 
of the soil on which it is grown. The weight of good oak 
timber is about 60 lbs. in the green state ; and, when sea- 
soned, about 50 lbs. If the seasoning is carried beyond 
this by artificial desiccation, the strength of the timber is 
im^red. 

The decay of wood by the growth of fungus, denomi- 
nated dry-rot, may be traced to the putrifying of the sap, 
when this has been left within the pores of the timber in 
the same condition as it exists in the living tree. The 
various means which are employed to arrest this destructive 
fermentation are, either to wash out the sap by long soak- 
ing in water, aided by the action of the sun ; to dry up the 
sap, either naturally by exposure to the sun and wind, or 
artificially by baking^ or by heated currents of air ; or else 
by injecting into the pores of tlie wood some metallic salt 
to combine with the albumen and render it insoluble, or 
some antiseptic substance to preserve the vegetable tissue. 
The processes of natural seasoning and artificial desicca- 
tion, being those most in use for the preservation of ship- 
timber, will be found amply described in the article Ship- 
BuiLDiNO ; also, the best mode of ereasoting, although 
the latter process, from the increased inflammability and 
the strong smell it imparts to timber, is scarcely appli- 
cable to the building either of ships or houses. For the 
preservation of railway-sleepers, and other wood-work out 
of doors, which is not particularly liable to danger from fire, 
the creosoting process has been proved to be most valuable. 
Its efficiency depends, in a great measure, upon the mode 
of operation, and the quantity of creosote injected into the 
timber, which should be done under pressure in a closed 
cylinder. The process is most applicable to fir and other 
soft woods, which should imbibe, at least, 7 lbs. of the creo- 
sote oil per cubic foot, oak imbibing not more than 2 or 
3 lbs., even under a pressure of 120 lbs. per square inch. 
This substance seems to act, fintly^ by coagulating the 
albumen ; secondly^ by furnishing a water-proof covering 
to tlie fibre of the wood ; and, thirdly^ by preventing the 
putrefaction of the sap by its antiseptic properties. 

The various processes for the preservation of timber by 
the absorption of metallic salts, have all more or less fiiilcd 



in practice, and are now very generally abandoned. These Timber, 
are known by the names of the inventors, as Kyan's, V^k/^^ 
Mareary's, Burnett's, and Payne's processes. The object by ebiorp- 
sought by each of the three first of these methods was tion of 
to coagulate the albumen in the capillary tubes of the^'^^^c 
timber, and thus prevent, or retard, the putrefaction of the"*"* 
sap. Kyan used chloride of mercury for this purpose, dis- Kyan^s 
solving, at first, 1 lb. of the salt in 4 gallons of water ; but prooeis. 
as it was found that the wood absorbed about 6 or 7 lb. of 
this costly salt per load, more water was added to lessen 
the expense, until the solution became so weak as, in a 
great measure, to lose its effect. This process has, there- 
fore, been entirely abandoned. The salt employed by 
Margary was sulphate of copper, which, being much cheaper Margery*^ 
than chloride of mercury, could be used as a stronger solu- 
tion. Its efficacy, however, has proved doubtful in many 
cases, while in not a few instances it has failed altogether. 
Better than either of the preceding is Sir William Burnett's Bnmett't. 
plan of injecting a solution of chloride of zinc, in the pro- 
portion of about 1 lb. of the salt to 4 or 6 gallons of water. 
This process is still in use, and has certainly proved licne- 
ficial in a great many cases, but it cannot always be relied 
upon. Payne's process consisted in the successive injec- 
tion of two substances in solution — the first, a metallic or 
earthy solution, and the second a decomposing fluid — the 
consequence being that the capillary tubes of the timber 
became filled with an insoluble substance. The process of Baperior- 
creosoting timber, already referred to, was first patented % ^^ 
by Mr Bethell in the year 1 84a One great advantage of 2^^*** 
creosoted timber is, tliat it perfectly resists the attacks of ^' 
marine worms and insects, as well as the white ant of 
India, which is more than can be said for timber prepared 
with solutions of metallic salts. Even that prepared with 
corrosive sublimate (as in Kyan's patent) has no immunity 
in this respect, the albumen appearing to neutralize the 
poisonous property of the salt. 

For ship-building purposes such chemically prepared, or Artificially 
*' salted," timber is scarcely to be recommended, as it at- prepared 
tracts much moisture, and is very destructive to the metal timber not 
fastenings. Empyreumatic oils and resinous solutions, al- *^i bidld^ 
though these certainly render the wood impervious to^^J^ 
moisture, and preserve the iron or metal bolts from oxida- 
tion, are still very objectionable from the increased inflam- 
mability which they impart to the structure. The time 
necessarily required in preparing the wood with the preser- 
vative substance is also a great drawback to its employ- 
ment in ship-building, where a delay of even two or three 
days, more especially in repairing, is often of serious con- 
sequence ; and it should be remembered, the timber must 
be operated upon after it has been shaped or *' converted." 
Timber nuiy be very perfectly preserved from subsequent Soekinif 
decay by long submergence in shallow salt water, or, which timber, 
is still better, in salt mud. When thus treated for a 
period of from ten to twenty years, the sap gets thoroughly 
washed out of the pores of the wood by the alternate ab- 
sorption and expulsion of air or other gases, caused by suc- 
cessive variations of temperature. It need scarcely be 
hinted, however, that such a mode of procedure, tliough 
sometimes adopted in government dockyards, would be 
ruinously expensive to the private ship-builder. 

Having pointed out the fatal objections generally attend- Import- 
ing the use of chemically- prepared timber for ships oranceof 
houses, it remains to show nhat means can be employed 8°^^«°" 
(and tliat with tolerable certainty) for preserving the ^"^'fo^pJIJ^ 
ber of these structures from premature decay. The means ^Qr^i^g 
at our command for this purpose are summed up in the timber, 
two words, " seasoning" and " ventilation :" namely, 
thorough seasoning or drying of the timber on shore, when 
this is practicable ; but, by all means, good ventilation on 
board. If these well-known and univcr^ly approved prin- 
ciples were but carried out in an honest and cx)nimon-sen8e 
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fashion, we should hear but little of rotten gun-boats, or 
heavy repairs to frigates after a first commission. Though 
it is undoubtedly true that the closely-packed timbers and 
double planking of a vessel of war present great obstacles 
to a thorough ventilation of the bottom, much may still 
be done by conducting currents of air down into the hold, 
and between the^ timbers, by means of wind-sails, or, if 
necessary, by fanners worked either by steam or hand, and 
by so arranging the internal accommodation that there may 
be as little stagnation of air as possible. However well 
seasoned and dry the timber may be when the ship is 
launched, it will rapidly absorb moisture from the damp 
atmosphere of the hold, unless evaporation from its surface 
be kept up by a forced circulation of air. 

It is certainly unbecoming the scientific character of the 
age that ships built hurriedly and cheaply, and of very in- 
ferior timber, by what are contemptuously called " slop" 
builders, are known to resist the ravages of dry-rot much 
better than the expensively and elaborately-constructed 
ships of Her Majesty's dockyards ; nay, more, that these 
same '* slop-built" ships, even when constructed entirely of 
green timber (as they frequently are), will last longer than 
a government ship built with the best seasoned oak I The 
whole secret is, of course, the internal ventilation of the 
holds and frame of the ship. In a cheaply-built merchant- 
ship the timbers are spaced at some distance apart, and the 
ceiling planks are not placed so close together as hermeti- 
cally to seal the spaces between the timbers, the conse- 
ouence being that good ventilation is maintained amongst 
tne planks and timbers of the bottom and sides. Even 
when such a ship is built of green wood, the circulation of 
air is generally sufficient to season the timber in its place 
and prevent its decay, for the dry-rot fungus will not thrive 
in an atmosphere less moist and stagnant than that of an 
underground cellar. The shrinkage of green timber in 
such a case would also conduce to its preservation by ad- 
mitting the air between the ceiling planks. 

These remarks are not intended to excuse the use of 
unseasoned timber in ship-building, a practice which should 
be resorted to only from dire necessity, but rather to show 
that if ships built of green timber can be preserved by what 
may be termed accidental ventilation, those built of sea- 
soned timber should, d fortiori^ be still more easily pre- 
served by systematic ventilation. The action of heat in 
causing an upward current of air naturally suggests itself as. 
a ready means of effectinjg this object on board ship. The 
dry-rot has been frequently arrested in a ship by thoroughly 
drying the timbers, holes having been previously cut in the 
ceiling planks to promote circulation. Yachts and other 
small vessels, when not in use, may be preserved from dry- 
rot by hauling them up out of the water in an exposed 
situation where the wind will get to them, keeping sky* 
lights and hatches open, and if a plank be removed from the 
bottom they will be all the safer. Should they be entirely 
closed up, on the other hand, the dry-rot will flourish within 
hke mushrooms on a hot-bed. 



Sap-wood should always be removed from the timbers Timber, 
and planks of a ship, as from its spongy texture and im- V^>^^«^ 
perfect development, it is more liable to dry-rot than the Sap-wood 
heart-wood (besides being much weaker) ; and when the should be 
dry-rot has once commenced either in a ship or a house, it removed 
is rapidly propagated by contagion. The process of season- 
ing timber quickly by a current of heated air will be found 
amply detailed in the article Smp-BuiLDiNO. 

Timber is bought and sold by solid measure, according Measure- 
to the number of cubic feet in the tree or log. The mea- ment of 
surement of timber is therefore the operation by which ^mber. 
these cubic coatents are determined ; that is, multiplying 
together the three dimensions, or the mean length, the 
breadth, and the depth, of each log. If the log should vary 
much in size in different parts, then the length, breadth, and 
depth of each of these parts must be multiplied together, 
and the contents of the log will be the sum of the products. 
When the log tapers, a mean breadth or depth is taken ; 
the object in every case being to attain the most correct 
approximation to the contents of the log. In measuring 
rough logs, it is however usual to gird the log at the mea- 
suring place with a string, and then, folding the string into 
four equal parts, to assume this fourth part of the girth to 
be one side of the souare area at the measuring place'; 
which area, when multiplied by the length, will give the 
solid contents of the log. The arithmetical operation, 
simple as it is, is universally superseded by the more simple 
and far more correct plan of referring to published tables of 
contents, calculated for every foot in length of a log, and 
every quarter of an inch in the side of the square. Those 
most generally used for this purpose are in Hoppus's /Voc- 
tical metuurer. 

In measuring standing timber, the length is taken as 
high as the tree will measure 24 inches in circumference, 
less than which measurement is not considered as timber. 
At half this height, the measurement for the mean girth of 
the timber in the stem of the tree is taken ; one-fourth of 
this girth is assumed to be the side of the equivalent square 
area. The buyer has in general the option of choosing any 
spot between the but-end and the half height of the stem 
as the girding place. All branches, as far as they measure 
24 inches in girth, are measured in with the tree as tim- 
ber. An allowance, which varies according to circumstan- 
ces, is generally deducted for the bark. In. oak it is from 
about one-tenth to one-twelflh of the circumference at the 
girding place ; in other sorts of timber it is less. In all, how- 
ever, this allowance depends much upon special agreement. 

It is usual to speak of timber by the load, which means 
50 ctibic feet of squared timber, or 40 cubic feet of rough 
timber. A load of plank is dependent upon its thickness. 
Thus it will require 200 square feet of 3-inch plank to make 
the load of 50 cubic feet ; therefore the load of plank is the 
number of square feet of its respective tliickness, which is 
necessary to make the load of 50 cubic feet. Deals are 
measured, according to their thickness and lengths, by the 
hundred, reckoning 120 to tlie hundred. (b. m — r.) 
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Tonnage. The term tonnage^ as applied to shipping, was originally 
V^V^^ intended to express the actual burthen that any ship could 
Bignifica- carry, in order tliat the various dues and custonas which 
tion of the are, and always have been, levied upon ships might be 
term. proportioned to their carrying powers. To avoid cavilling 

and uncertainty as to the read tonnage of a vessel (which, 
it is evident, depends upon the draught of water at which 
she can safely swim), it must have been soon found neces- 
sary to establish one universal mode of calculating the 
tonnage of merchant-shipping, depending on certain fixed 
and definite measurements of the hull. A fixed rule, 
strictly enforced by law, has consequently been adopted 
Importance by all maritime nations for this purpose. Upon the prin- 
of good ciples recognised m framing these rules depends, in a great 
rales for measure, the preponderance of good or bad qualities in the 
ships themselves, the body of shipowners in general being 
found unequal to the temptation of sacrificing the prospec- 
tive safety, and the weatherly qualities, of their ships to 
the present sure gain arising from a low rate of register 
tonnage, when this can be compassed by any peculiarity 
of build, however extravagant Legislation on this sub- 
ject requires, therefore, to be conducted with the utmost 
caution and circumspection, an irreparable injury having 
been already done to the merchant-shipping of this country 
from the erroneous principles on which the measurement 
for tonnage used to be made. 

Not only are all dues and customs levied according to 
tonnage, but ships are also built, bought, and sold for a 
certain price per ton of their admeasurement ; and by the 
conditions of Lloyd's classification-list of shipping, they 
must be timbered and fastened, and must have their 
anchors, cables, and boats, all in proportion to the same 
datum. The tonnage of a ship, therefore, in so far as these 
considerations are involved, is virtually assumed to be a 
correct representation of her size. 

The true principles upon which the register tonnage of 
principles shipping should be computed appear to be the following : — 
on which 1st, It should afford a practically correct measurement of 
all space eligible for stowage or passenger accommodation ; 
2d, The measurements and dimensions involved should be 
such, both as regards their number and position, as to 
effectually prevent even our most ingenious builders from 
escaping the due influence of the rules, whatever form or 
dimensions of vessel may be resorted to ; and, 3d, It should 
be such as to ensure the dues levied being justly propor- 
tional for all classes of vessels. The question has been 
raised whether the legal tonnage of a ship should not re- 
present numerically the commercial tons actually carried 
either of measurement or dead-weight cargoes, or both of 
them, rather than merely express, as at present, the relative 
capacity of ships. On this subject it was remarked by Mr 
G. Moorsom, surveyor-general for tonnage to the BoaVd of 
Trade, at a meeting of the Institution of Naval Architects 
(as reported in tlie Mechanic's Magazine of 6th April 
SnwJ^' I860), " that the preservation of the expression of the pre- 
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sent aggregate tonnage of the kingdom has been the sine 
gud non with all the public commissions on the question, 
and is upheld also by the shipping community, as consti- 
tuting a fairer standard of capacity, imder general circum- 
stances, tlian the estimated cargoes carried, whether of 
measurement or weight, which must necessarily vary widi 
the ever-varying circumstances of longer or shorter voy- 
ages — to say nothing of the acknowledged almost impossi- 
bility of satisfactorily arriving, by any general rule, at the 
proper positions of the load and light draughts of water, on 
which the calculation of the weights carried solely de- 
pends.* In regard to the question of weight-cargoes, Mr 



Moorsom observed that " parties were agitating as to the Tonnag<!». 
desirableness of placing a scale of tonnage (or displace- ^^^^/'^*' 
ment) on a ship certificate of registry, to show the weight On scales 
of cargo carried at different lines of flotation, for the con-ofdispUce- 
venience of ship owners, brokers, and masters. He ques- nient. 
tioned, however, if the utility of that object was at all 
commensurate with the labour and difficulty of its produc- 
tion, and he had yet to learn that the parties themselves, 
for whose interest it was proposed, desired such a docu- 
ment But, if needed, it could be furnished to the ship 
owner or broker by any respectable builder or surveyor of 
shipping, and ought not to be prepared at the public ex- 
pense. It would require ten or twelve practised draughts- 
men for a period of nine or ten years to prepare such 
scales for the existing commercial navy, and two or three 
others in addition for the ships annually building. Tables 
had been prepared at the Board of Trade by which it ap- 
peared that the weights due to one inch of immersion at 
the two different draughts of the load and the light lines 
varied, on an average, to the extent of about 10 per cent, 
only, so that, for all commercial purposes, it would be suffi- 
cient to know what weight of cargo corresponded to an 
inch of depression." 

Until January 1836, the nile for computing the tonnage Old rulo 
of ships was as follows: — The length was taken on a for ton- 
straight line along the rabbet of the keel of the ship, from H^b*:]^^^ • 
the back of the main sternpost to a perpendicular hncoid^Mea" 
from the fore part of the main stem under the bowsprit, taremeut' 
The breadth was taken from the outside of the outside 
plank in the broadest part of the ship, either above or 
below the main wales, exclusively of all manner of doub- 
ling planks that might be wrought upon the sides of the 
ship. Jf the ship to be measured was afloat, a plumb-line 
was dropped over the stern, and the distance between such 
line and the after part of the stern-post, at the load water* 
mark, was measured ; then was taken the length from the 
top of this plumb-line, in a direction parallel with the 
water, to a perpendicular immediately over the load water- 
mark, at the fore part of the main stem. Subtracting from 
this length the before -mentioned distance between the 
plumb-line and the after part of the stem-post, the se- 
mainder was reckoned to be the ship's extreme length, 
from which three inches were deducted for every foot of 
the load draught of water. With the dimensions thus ob- 
tained, the rule then was : — " From the length taken in 
either of the ways above mentioned, subtract three- fifths 
of the breadth taken as above ; the remainder is esteemed 
the just length of the keel to find the tonnage ; then mul- 
tiply this length by the breadth, and that product by half 
the breadth, and dividing by 94, the quotient is deemed 
the true contents of the tonnage." 

This rule (called " builders' old measurement," or when 
contracted, b.o.m.) is still much in vogue as a guide for the 
purchase and sale of ships. It is evident that the tonnage 
as determined by it was intended to express the size or 
bulk of the ship, the half-breadth being an assumed equiva- 
lent for a mean depth. The evils which arose out of this 
assumption were very great. As the depth was not at all 
involved, it might be increased to any extent without in- 
creasing the tonnage ; while, on the contrary, as the square 
of the breadth was involved, an undue preponderance was 
given to this dimension, and it became necessary, on the 

fiart of shipowners, to restrict it within tlie least possible 
imits. The effect of such a law was obvious. The British 
merchant ships, in order to profit by its inconsistencies, 
were built exceedingly narrow and deep in proportion to 
the length, so that, according to parliamentary returns, we 
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Tonnage, find, on an average, the mercantile navy would carry a 
^^^V*^ third more weight than its legally registered tonnage. In 
fact, the ships became little more than oblong boxes, most 
dangerous as sea-boats, and, from their want of stability, 
not capable of carrying sufficient sail to insure their safety 
on lee shores. Hence, afler every gale of wind, the leeward 
coasts were covered with their wrecks ; and hence Lloyd's 
books registered annually the average loss of six ships in 
four days. This tonnage law, as we have said, was happily 
altered in January 1836, when the following rule for cal- 
culating the tonnage of vessels was substituted for it : — 
']K>nnage ** The tonnage of every ship or vessel required by law to 
law of be registered shall, previously to her being registered, be 
1836. measured and ascertained while her hold is clear, and ac- 

cording to the following rule : (that is to say), divide the 
length of the upper deck between the after part of the 
stem and the fore part of the sternpost into six equal parts. 
Depths — at the foremost, the middle, and the aftermost of 
those points of division, measure in feet and decimal parts 
of a foot the depths from the under side of the upper deck 
to the ceiling at the limber-strake. In the case of a break 
in the upper deck, the depths are to be measured from a 
line stretched in a continuation of the deck. Breadths — 
divide each of those three depths into five equal parts, and 
measure the inside breadths at the following points : vide- 
licetf at one-fifth and four-fiflhs from the upper deck to 
the foremost and aftermost depths, and at two-fifths and 
four- fifths from the upper deck of the midship depth. 
Length — at half the midship depth measure the length of 
the vessel firom the after part of the stem to the fore part 
of the sternpost; then to twice the midship depth add 
the foremost and the aftermost depths for the sum of 
the depths; add together the upper and lower breadths 
at the foremost division, three times the upper breadth, 
and the lower breadth at the midship division, and the 
upper and twice the lower breadth at the after division, for 
the sum of the breadths; then multiply the sum of the 
depths by the sum of the breadths, and this product by the 
length, and divide tlie final product by 3500, which will 
give the number of tons for register. If the vessel have a 
poop or half-deck, or a break in the upper deck, measure 
the inside mean length, breadth, and height, of such part 
thereof as may be included within the bulkhead ; multiply 
these three measurements together, and dividing the pro- 
duct by 92'4, the quotient will be the number of tons to be 
added to the result as above found. In order to ascertain 
the tonnage of open vessels, the depths are to be measured 
from the upper edge of the upper strake." 

Mode of ascertaining the Tonnage of Steam- Vessels, 

** In each of the several rules hereinbefore prescribed, 
when applied for the purpose of ascertaining the tonnage of 
any ship or vessel propelled by steam, the tonnage due to 
the cubical contents of the engine-room shall be deducted 
from the total tonnage of the vessel, as determined by either 
of the rules aforesaid, and the remainder shall be deemed 
tlie true register tonnage of the said ship or vessel. The 
tonnage due to the cubical contents of the engine-room 
shall be determined in the following manner : that is to say, 
measure the inside length of the engine-room in feet and 
decimal parts of a foot, from the foremost to the aftermost 
bulkhead ; then multiply the said length by the depth of 
sliip or vessel at the midship division, as aforesaid, and the 
product by the inside breadth at the same division, at two- 
fifths of the depth from the deck, taken as aforesaid, and 
divide the last product by 92*4, and the quotient shall 
be deemed the tonnage due to the cubical contents of the 
engine-room." 

For ascertaining the Tonnage of Vessels when laden. 
** And be it further enacted, that for the purpose of ascer- 



taining the tonnage of all such ships, whether belonging to Tonnage, 
the United Kingdom or otherwise, as there shall be occasion V^k/^^ 
to measure while their cargoes are on beard, the following 
rule shall be observed and is hereby established : that is to 
say, measure, first, the length on the upper deck, between 
the afler part of the stem and the fore part of the sternpost; 
secondly, the inside breadth on the under side of the upper 
deck, at the middle point of the length ; and, thirdly, the 
depth from the under side of the upper deck, down the pump- 
well, to the skin ; multiply these three dimensions together, 
and divide the product by 130, and the quotient will be the 
amount of register tonnage of those ships." 

It was soon found that this rule was somewhat partial in Objections 
its operation in different classes of vessels, and that it could to it. 
be, within certain limits, evaded by an ingenious builder ; 
but still the evasions were not so destructive to the good 
qualities of ships as those which were commonly practised 
during the continuance of the old law. 

It is exceeding:y difficult, probably even impossible, to Difficulty 
frame a rule for computing the tonnage which shall be at of framing 
once of practical application, and yet not have in some de- * Perfect 
gree the effect of restricting improvement in the qualities of ^""*S® 
merchant-ships. It is difficult to induce a man to forego 
a constant and positive gain for one that is only prospective 
and uncertain. We have seen that the obstacles which 
oppose themselves to correctly and satisfactorily determin- 
ing either the light or the load draughts of water, are suffi- 
cient to prevent the difference between the light and load 
displacements from being taken to represent the tonnage. 
This is, however, the only correct measure of a ship's power 
to carry cargo ; the difference being, of course, exactly equal 
in weight to the cargo which either has caused or may cause 
it All other quantities which can be taken as measures 
of that power are little more than assumptions, and whether 
they represent the external dimensions of a ship, or her 
internal capacity, they scarcely give an approximation even 
to the power which she may possess of carrying burthen ; 
while, in either of the above cases, the fact that these quan- 
tities must be determined by measurements at fixed measur- 
ing places, affords opportunity for evasion, and indeed invites 
it. For if, by any arrangement of the dimensions, or by any 
peculiarity of the shape, a ship can be enabled to carry a 
greater burthen than her registered tonnage, the freight of 
that greater burthen is a premium which is offered to that 
one proportion between her dimensions, or that one peculiar 
form for her body, and a restriction is, to a certain extent, 
placed upon improvement ; because the shipowner will con- 
tent himself with the best ships that he can obtain possess- 
ing the advantages of those dimensions or of that form. 

The nile last quoted for computing the tonnage assumes 
it to be the space for stowage, and the internal capacity of 
the vessel is calculated in order to determine it. As there 
are necessarily fixed measuring places, the rule may, as we 
have said, be evaded by a certain build. Its phraseology 
might also be easily evaded by building accommodations on 
deck, which would not come within the meaning of the 
terms that are used in it — " poop," " half-deck," or ** break 
in the deck." Under its operation, vessels might also be 
advantageously built of very small register tonnage to carry 
cargoes of heavy goods ; for which purpose they should be 
of the lightest materials, but with ve^y large scantlings, 
that the internal capacity may bear but a small proportion 
to the load displacement of the vessel. This rule, however, 
was far less injurious to the mercantile navy of Great 
Britain than that which had preceded it. 

The present rule for tonnage was introduced in the year New ton- 
1854, constituting one of the most important sections of nage law 
the Merchant Shipping Act of that year. It is universally of 1854 ; 
admitted to be a vast improvement upon all that had gone |^J*^^*'*' 
before, and indeed to be one of the greatest benefits ever ^'^ 
conferred by the Legislature upon naval architecture, tend- 
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ing» as it does, to advance the character of the merchant 
marine of this country. The builder is at lenf^h free to 
construct his ship in the way he thinks best for the require- 
ments of her particular trade ; the very impossibility of 
evading the law by any alterations in the dimensions or 
form making shipowners content to have good trustworthy 
ships, in place of the dangerous abortions of twenty years 
since. It is found that the vessels built since the new law 
came into operation have an average length of 5 times their 
breadth, in place of 3^ times as formerly, and that their 
average depth has decreased from above f cbs of the breadth 
to f ds ditto, their speed and weatherly qualities being im- 
proved in like proportion. 

The following is the present law for measurement of 
tonnage (introduced 1854) : — 

" Throughout the following rules, the tonnage-deck shall 
he taken to be the upper-deck in ships which have less than 
three decks, and to be the second deck from below in all 
other ships ; and, in carrying such rules into effect, all mea- 
surements shall be taken in feet, and fractions of feet, and 
all fractions of feet shall be expressed in decimals. 

" The tonnage of every ship to be registered, with the 
exceptions mentioned in the next section, shall, previously 
to her being registered, be ascertained by the following rule, 
hereinafter called Rule I. ; and the tonnage of every ship to 
which such rule can be applied, whether she is about to be 
registered or not, shall be ascertained by the same rule. 

'* (1.) Measure the length of the ship in a straight line 
above the upper side of the tonnage-deck from the inside 
of the inner plank (average thickness) at the side of the 
stern, to the inside of the midship stem timber or plank 
there, as the case may be (average thickness), deducting 
from this length what is due to the rake of the bow in the 
thickness of the deck, and what is due to the rake of the 
stern timber in the thickness of the deck, and also what is 
due to the rake of the stern timber in one-third of the round 
of the beam ; divide the length so taken into the number 
of equal parts required by the following table, according to 
the class in such table to which the ship belongs. 

" Table Class 1. Ships of which the tonnage-deck is 

(according to the above measurement) 60 feet long or under, 
into 4 equal parts. 2. Ships of which the tonnage-deck is 
(according to the above measurement) above 50 feet long, 
and not exceeding 120, into 6 equal parts. 3. Ships of 
which the tonnage-deck is (according to the above mea- 
surement) above 120 feet long, and not exceeding 180, 
into 8 equal parts. 4. Ships of which the tonnage-deck is 
(according to the above measurement) above 180 feet long, 
and not exceeding 226, into 10 equal parts. 6. Ships of 
which the tonnage-deck is (according to the above mea- 
surement) above 226 feet, into 12 equal parts. 

" (2.) Then, the hold being first sufficiently cleared to ad- 
mit of the required depths and breadths being properly taken, 
find the transverse area of such ship, at each point of 
division of the length, as follows : — Measure the depth at 
each point of division from a point at a distance of one-third 
of the round of the beam below such deck ; or, in case of a 
break, below a line stretched in continuation thereof, to the 
upper side of the floor-timber at the inside of the limber- 
strake, after deducting the average thickness of the ceiling 
which is between th» bilge- planks and limber-strake ; then, 
if the depth at the midship division of the length do not 
exceed 16 feet, divide each depth into four equal parts; 
then measure the inside horizontal breadths at each of the 
three points of division, and also at the upper and lower 
points of the depth, extending each measurement to the 
average thickness of that part of the ceiling which is be- 
tween the points of measurement ; number these breadths 
from above (t.^., number the upper breadth one^ and so on 
down to the lowest breadth); multiply the second and 
fourth by 4, and the Uiird by 2 ; add these producu to- 



getlier, and to the sum add the first breadth and the fifth ; Tonnage, 
multiply the quantity thus obtained by one-third of the ^^m^^i^m/ 
common interval between the breadths, and tlie product 
shall be deemed the transverse area ; but if the midship 
depth exceed 16 feet, divide each depth into 6 equal parts 
instead of 4, and measure, as before directed, the horizontal 
breadths at the five points of division, and also at the upper 
and lower points of the depth ; number them from above 
as before ; multiply the second, fourth, and sixth by 4, and 
the third and fifth by 2 ; add these products together, and 
to the sum add the first breadth and the seventh ; multiply 
the quantity thus obtained by one-third of the common in- 
terval between the breadths, and the product shall be 
deemed the transverse area. 

'* (3.) Having thus ascertained the transverse area at Compata- 
each point of division of the length of the ship, as required tion from 
by the above table, proceed to ascertain the register*""* 
TONNAGE of the ship in the following manner : — Number 
the areas successively 1, 2, 3, &c^ No. 1 being at the 
extreme limit of the length at the bow, and the last number 
at the extreme limit of the length at the stern ; then, 
whether the length be divided according to the table into 
4 or 12 parts, as in classes 1 and 6, or any intermediate 
number, as in classes 2, 3, and 4, multiply the second and 
every even-numbered area by 4, and the third and every 
odd-numbered area (except the first and last) by 2 ; add 
these products together, and to the sum add the first and 
last if they yield anything ; multiply the quantity thus ob- 
tained by one-third of the common interval between tlie 
areas, and the product will be the cubical contents of the space 
under the tonnage-deck ; divide this product by 100, and the 
quotient being the tonnage under the tonnage-deck shall 
be deemed to be the register tonnage of the ship, subject 
to the additions and deductions hereinafler mentioned. 

" (4.) If there be a break, a poop, or any other perma- Poop and 
nent closed-in space on the upper-deck, available for cargo &ny other 
or stores, or for the berthing or accommodation of passen- cloaed-ia 
gers or crew, the tonnage of such space shall be ascertained *P^<^ 
as follows : — Measure the internal mean length of such 
space in feet, and divide it into two equal parts ; measure 
at the middle of its height three inside breadths — namely, 
one at each end, and the other at the middle of the length ; 
then to the sum of the end-breadths add four times the 
middle breadth, and multiply the whole sum by one-third 
of the common interval between the breadths, the product 
will give the mean horizontal area of such space ; then 
measure the mean height, and multiply by it the mean hori- 
zontal area ; divide the product by 100, and the quotient 
shall be deemed to be the tonnage of such space, and 
shall be added to the tonnage under the tonnage-deck, 
ascertained as aforesaid, subject to the following provisos : 
— Firsts That nothing shall be added for a closed-in space 
solely appropriated to the berthing of the crew, unless such 
space exceeds one- twentieth of Uie remaining tonnage of 
the ship, — and in case of such excess, the excess only shall 
be added ; and, secondly^ that nothing shall be added in 
respect of any building erected for the stielter of deck-pas- 
sengers and approved by the Board of Trade. 

*' (6.) If the ship has a third deck, commonly called a spar* In eaae of 
deck, the tonnage of the space between it and the tonnage- two or 
deck shall be ascertained as follows: — Measure in feet the™®'^^^^^^* 
inside length of the space at the middle of its height from 
the plank at the side of the stem to the lining on the tim- 
bers at the stem, and divide the length into the same 
number of equal parts into which the length of the ton- 
nage-deck is divided as above directed ; measure (also at 
the middle of its height) the inside breadth of the space at 
each of the points of division, also the breadth of the stem 
and the breadth at the stem ; number them successively, 
1, 2, 3, &C., commencing at the stem; multiply the second, 
and all the other even-numbered breadths by four, and 
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Tonnage, the third and all the other odd-numbered breadths (except 
Ni^K,^^^' the first and last) by two ; to the sum of these products 
add the first and last broths; multiply the whole sum 
by one-third of the common interval between the breadths, 
and the result will give, in superficial feet, the mean hori- 
zontal area of such space ; measure the mean height of 
such space, and multiply by it the mean horizontal area, 
and the product will be the cubical contents of the space ; 
divide tnis product by 100, and the quotient shall be 
deemed to be the tonnage of such space, and shall be 
added to the other tonnage of the ship, ascertained as afore- 
said ; and if the ship has more than three decks, the ton- 
nage of each space between decks above the tonnage- 
deck shall be severally ascertained in manner above de- 
scribed, and shall be added to the tonnage of the ship 
ascertained as aforesaid. 
Allowance " In every ship propelled by steam, or other power re- 
fer engine- quiring engine-room, an allowance shall be made for the 
room in space occupied by the propelling power, and the amount 
Btcameis. ^^ allowed shall be deducted from the gross tonnage of the 
ship, ascertained as aforesaid, and the remainder shall be 
deemed to be the register tonnage of such ship ; and such 
deduction shall be estimated as follows (that is to say): 
To be rate, (a) As regards ships propelled by paddle-wheels, in which 
able in the tonnage of the space solely occupied by and necessary 
ordinary for the proper working of the boilers and machinery is above 
20 per cent, of the gross tonnage of the ship, such deduc- 
tion shall be 3? hundredths of such gross tonnage ; and 
in ships propelled by screws, in which the tonnage of such / 
space is above 13 per cent, and under 20 per cent, of such 
gross tonnage, such deduction shall be 32 hundredths of such 
gross tonnage, {b) As regards all other ships, the deduc- 
tion shall, if the Commissioners of Customs and the owner 
where the both agree thereto, be estimated in the same manner, but 
■pace It either they or he may, in their or his discretion, require 
the space to be measured, and the deduction estimated 
accordingly ; aqd whenever such measurement is so re- 
quired, itie deduction shall consist of the tonnage of the 
space actually occupied by, or required to be enclosed for 
the proper working of the boilers and machinery, with the 
addition in the case of ships propelled by paddle-wheels of 
one-half, and in the case of ships propelled by screws of 
three-fourths, of the tonnage of such space. In the case 
of screw-steamers, the contents of the snafl-trunk shall be 
added to and deemed to form part of such space. 

'* In every registered British ship the number denoting 
the register tonnage, ascertained as hereinbefore directed, 
and the number of her certificate of registry, shall be 
deeply carved, or otherwise permanently marked, on her 
main beam, and shall be so continued ; and if it at any 
time cease to be so continued, such ship shall no longer be 
recognised as a British ship." 

These rules have now been in operation for a period of 
working of five years, during which about 16,000 British, and a much 
the rules, greater number of foreign ships, have been measured by 
Uiem. The experience of their operation thus afforded 
has proved highly satisfactory, with the single exception 
of the method of estimating the allowance made to steamers 
for their propelling power, by the plan of percentages on 
Allowance their gross tonnage. Afler explaining certain abuses under 
to steamers the old law, which led to the adoption of this mode of 
not satis- allowance, Mr Moorsom, in the paper before alluded to, 
stated, that '' it had been found practically to admit of the 
intended allowance being anomalously increased by other 
means, and had given dissatisfaction even to the owners 
themselves, by its unjust action between steamer and 
steamer." In illustration of this, Mr Moorsom gave a 
paper of examples, by which it was seen that, in two paddle- 
ships of about the same gross tonnage and power, there 
could be, and frequently was, a difference in their allow* 
ances to the extent of 20 per cent. ; and that in a similar 
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case of screw-vessels, the dilTerence was to the still greater Tonnage, 
extent of about 40 per cent. He likewise found that V«k/^ 
"the system of percentages frequently gave to large- 
powered coasting steamers undue allowances ; to extreme- 
power tugs to within 1 per cent, of a negative tonnage : 
and to long-voyage auxiliary-power vessels, on the con- 
trary, a less allowance than the old system." Steam-ves- 
sels seem to have gained by the new law, as regards their 
register tonnage, an average advantage over sailing vessels 
of a decrease of about 6i per cent., which is very unequally 
and unjustly distributed between steamer and steamer. 
To give an ^example, the steam-tug United States, of 
Cardiff, 60 liorse-power, is but 4 tons register. This ano- 
maly will probably be soon remedied, such an alteration in 
the law being already provided for, without further legisla- 
tive interference, under the provisions of the 29th section 
of the Merchant Shipping Act of 1854. 

The following alteration in the mode of measuring steam- Alteration 
ers for tonnage has been recently introduced, with the view in the 
of making a more equitable allowance than heretofore for jneasure- 
the space occupied by their propelling power : — 

Copy of Minute of the Board of Customs^ dated 23d 
October 1860. 

*' In pursuance of the powers granted by the 29th sec- 
tion of * The Merchant Shipping Act, 1864,' the Board, 
with the approval of the Board of Trade, direct, with a 
view to the more accurate and uniform application of the 
principle of granting a certain allowance to steamers for 
their propelling power, that, in lieu of the rules set forth 
in sec. 23 of the Merchant Shipping Act, the following 
rule be adopted in future, viz. : — 

** Rule. — In every ship propelled by steam, or other 
power, requiring engine-room, an allowance of space or 
tonnage shall be made for the space occupied by tne pro- 
pelling power, and the amount so allowed shall be deducted 
from the gross tonnage of the ship ; and such deduction 
shall be estimated as follows ; that is to say : — 

*' 1. Measure the mean length of the engine-room be- 
tween the foremost and aftermost bulkheads, or limits of 
its length, excluding such parts, if any, as are not actually 
occupied by, or required for, the proper working of the 
machinery; — then measure the depth of the ship at the 
middle point of this length, from the ceiling at the limber 
strake to the upper deck in ships of three decks and under, 
and to the third deck, or deck above the tonnage-deck, in 
all other ships ; — also the inside breadth of the ship clear of 
sponsing, if any, at the middle of the depth ; multiply to- 
gether these dimensions of length, depth, and breadth for 
the cubical contents ; — divide this product by 100, and the 
quotient shall be deemed to be the tonnage of the engine- 
room, or allowance to be deducted from the gross tonnage 
on account of the propelling power. 

" 2. In the case of ships having more than three decks, 
the tonnage of the space or spaces betwixt decks, if any, 
above the third deck, which are framed in for the machi- 
nery, or for the admission of light and air, found by multi- 
plying together the length, breadth, and depth thereof, and 
dividing the product by lOO, shall be added to the tonnage 
of such space. 

3. " In the' case of screw-steamer^, the tonnage of the 
shafl tiunk shall be deemed to form part of, and added to^ 
such space, and shall be ascertained by multiplying together 
the length, breadth, and depth of the trunk, and dividing 
the product by 100. 

*' 4. In any ship in which the machinery may be fit- 
ted in separate compartments, the tonnage of each such 
compartment shall be measured severally in like man- 
ner, according to the above rules, and the sum of their 
results shall be deemed to be the tonnage of the said 
space." (r. m— t.) 



I 



r 




I 



/ 



SHIPBUILDING 



PLATE a 




'Ilu: Spver^-(,n of ^A^^S^/j.^i.^Oi'jjJ/ /6S/. From j./^aj/iM/t/y //y'!/y/^y 



r 



•'■ ':. \ 'i Aft el' Fort» .' ; 
' ' Bodv Bodv ^ •^- 



SHI 

Druu^ht of the Wooden CLIPPER SHIP 




hy, zy, Lv ^ \x 3.vf 3*^^ 

BODY PLAN 



Prin 

Length hetvveen th 
Lengtl-L of KeeZ 
Bftfidjh Exti'efrur 
Bf'cadifi of Ftxurvc 
Depth of Bold 
BjjLrOien in Tons. 1 



SHI 




^ 




,.,_.,v_ * 






'-^-^ '" — ^----- 




1 

! 5^ 


VI¥«»r£iiMr 




;4*w.i.. 






.^, ^ ' ja^v.t^ 







1 li^iff.f.^ " 


— : 


f- - -4 — " ^..— . 






— 1 


7 6 5 4- 5 2 1 






1 - -f- , .. ^ 




1 1 1 M i 1 1 M 1 1 t 1 t t t 1 1 




10 20 30 40 aO 60 70 80 90 100 nO 120 130 


1 

1 
1 
1 
1 


Seal 

HALF BR 


' ^/ ^ 






-•- — •--— '--^ 


------ 




1 7 
/ / ' IV. , 






^V^^'-- '"' 


— ---•-'•-•^ 







1 , -;. :' 







bitl-Lsi 



WILDING. 

10MBERG\ Built by Mcss^\' A.Hall k C"! of Ahenlcm . 



PI^T. 



1 UiiiK^usions. 



Feet In * 
26:^ 6 



:' 7.7 

29 - P 
^'* Old Measumm^nl , 2600 Tons 



R TLAX 



JtLetui J.ft'ui 




MIDSHIP SECTION' 




a 150 3B0 

















1 




J90 


— -r — 

200 


210 


220 


— X-r— - nr. - 

LMO 2M) 






IBO 


250 260 


"U 



f Feet 



DTH PLA.X 




'f .ti'JcT'i.m *,■ r i>r' 



A Jet Htck-FdinHuriJi 



^^w 



ff 



i 



I- 



i 



BODY PLAN 

Aft I* I' n Pore 



SHIP I 

DBAUGHT OF the IRON CLIFFIR 




Diineiisioiis 

Length hetween Verpendiculars li 

Breadth exirem/e J 

Depth in Raid ........ \ 

Builders, Scott Sc C?, Greenock . 



SHEE] 



126 122 018 114 no 106 102 98 94* 90 86 Q2 78 74 70 



t I J ; I r 1 i 



Peet 



5 10 



20 



30 



40 



50 



60 



70 



80 



HALF -BREAD! 




=''^'=^7^^''''^^ 






:^u.j.isr;':^a Dv,, (Srl.i.. 



CULDING 



PLATE u 



^fm-SBIF "LOBD OF THE ISLES." 

Displacement 

100 200 300 400 500 600 700 000 900 1000 HOG 1200 1500 1400 1500 16O0 ToUS 




•t 58 54 50 46 42 38 54 30 26 22 18 14 lO 6 



180 186 Feet 



■i[iw»l..: 



I 




FisJiui^h. 



1 



• SHIP I 

THE ENGLISH SATl 

By J. Scot 



\% SHEER PLAN & V: 




PLAN OF HORIZONTAL > 




Scale, 8 Incl 



mpn: 



' A J J U U U A A) ik 8b 



IF 



^ 



^ 



45" 



S 



"Prrn lifiVuf fj It 



LDING. 



YACHT "TITAiYIA" 

leU F.R.S. 



PLATE T 



tL SECTIONS 




■it 




















z , , . , . , , .-.. . 




-3S 


ifi5 


«jf 


7P- 


2i 


"" 


.as 


90 


ffi 



l-',diiJ>iir'-" 



I 



» 



SHIP 

TH 

(formei 

English 
By J. Sec 




Principal Biinensions 

Laujth in. Load. wojLer line 82' 6" 

Breadth ExJUre>rae 29' 

l)e.pTh cut. thr. Svdz. M' 6' 

Toruujge O.M 99 Tons 



i-mntttt 




Pii^iHahed by A 



P BUILDING 
THE M I S, 

HEHLY TITANIA) 
Lsk Sailing Yacht. 
Seott Russell F.R.S. 



PLATE 




~!W 



:3j!i 



^ 



3ZC 



-^Zi_3p¥cct 




^i •rVtc''' Piu :k. hdiu(.'U-;-'L . 



t 



1^ 



V- 



II 









SHII 

THE Al^IERICAX * 



SHEER PLA^ & y 




PLA:J^ OY HORIZO:!*fTAL 




Sraif . 8 Incli 



ILL -I. i I i .:. 4—^,1-, i^—iz : 

1 2 3 4 5 6 7 8 9 lO 



^ 



2^ 



50 ,VS 40 45 



Pu"blia] 



UYG-YACHT AMERICA ' 



PLATE VI. 



CAL SECTI0:5fS 




PER -LINES 



After Bodv 



Fore Bodv 



La^th on the Load water line 90 ■ 8 
JBmadtk extreme 22 ' 6 

Tonnoffe, BuUder'a 0.2£. i^Eruflufti 270 Tons 





90t 



, L- 

no 



=^ 



~90 



t .'.Bl;»''l-. Kdmbur£5|i 



/^liTFj^i/i .T.Kdw* 



SHIP 

jmAUaifT OF THE paddL 
Belon/fing to the Pen. 



BODY PLAN 




PrinrT|>aLl Dinbeitss 

Zenffth hetween Ferpendicu 

I>o of hefl for ToroKii^e 
Breadth for Tonnac/e 
Depfh in Midftkrps (front tt 
BurOien in tons N?' 1909 /i 
Horses power* fncmvinal) ^OC 
Builders of the Ship Thcanei 
Makers of the^ Jfachinerv « 



SH 




175 a«» x«s 131 in. i«5 Ta» im 



1«7 in lis 



m 



HALF 1 




Kdinbiij<h. » 



BTJILDI^^G 

WHEEL STEAM SHIP DELTA' 
• Qrimtal Ste^m Nav. C9 



J^LATE Ml. 









Scale of DifrplacoBieitt 

lOOO X500 



r<^t 




2800 tons 



IHrplcLcenMnxt at 25 ft. drtcuplU 2244. 



-uiuler side of he^ 



ER£LAl!r. 




PL AX 







OJiJmusn. Sc. Edut't 



Dimensions of the Hnll 

Leiigtiv Irani, centre iff riuitler post to stem 

LeruftJi an the Ifppei^-deA^k 

lire,aMi oniuU 

Breadth over the Paddle -boxes 

f^i^hi t*t nmyr ^ide &t i*pper deeh 

Ttmnaife tffjfhip^ Bmlder-v rt/d me^i^aremeiil 

f)ij^jfitiit7neiit lit JO /(fvV hmuifht 



fi . in . 

mo 

('d)2 
82 
Hi) O .-- 

j*^,;(6'{; t4in^ 

27.000 ttm^ 



SB 



GREAT 






K 



■■■ T~--'^~' 




..... --r^ ..... - ^^, 



_ _, _ JUhfriU/^^ at ^u/hC4mtMtL. 






25 



')() 



J 00 12', 150 175 200 225 25() 275 MK) 



- ,.... t-- -.■■.--■^-■.-■— .^|..^-.-.M.^ -.-.^ ^^2 :;:^ 




' •:"'■" ■■"■"■■•'■ ■ -^ '"i' ■ I 






t^4^ 



l' 



■ ■X 

I 



(; H r K 



M X P 



//7 



EBX'^ STEAM SHIP. 



Dmicnsioiis of tlie Machiuer 

Diiuiwtfr or' the Screw -prttpe Her' 

Diameter of PtuUle wheeZ» to outn'tle iff inm 

XomifiaJ ILirAe-fxtwer of Screw entpnejf 

V? D? Pmhlle er^qmes 

Totiti JLmte fHtwer vonutuiJ 




K v • rU 



lii.*nr|.fb 



_- no 1't't't 



. 55 



W-'ho 



.15 



15 



SIIJP IVUJLDIVG. 

'(rJU:AT FsASTKHX'' STEAM SKIP 



.After Bodv 



FoTf* Hodv 




VERTK AL SECTIONS. 



PLATE /X. 



_ I.iiif of r|i|M'rDc('ik 



J'/ //v/ drmufht 



26 ffft drvutfht 



\lt< f'rft dnntfptt 



lO t>ft ilmui/ht 



4/) frrt 



T 



.,,1 



15. 



i 



O I 2 5 »■ SOOO 



V 



SCALE OF DISPLACEMENT, 

AssumitKf ,'i:) Cuh. feet of Sal/ water to a tan . 




1 5. mm fit (hi, I 

If.!: '.. 1 l.^ v..vi-.!'.l.i.l;.r.ii..in.-.:), 



HHHf Tun. 



//''i 



/h 



S H I F 



Diiiirusions. 


F* in . 


Lentfth, ttf Ktcl and Ftirv nike 


:iI6 


firffulih of Bftun 'Fxt^rma 


'lO I) 


Vrpth oT EoUl to SjHir deek 


Jfi () 


Tannage, BuvLlitrs' ottl mi'itxurrnient , 


L'.'tOO Tunjt 


TLjrjt^s' rower, rwnnnal , 


700 lloivejt 



DMJVGHT OF THE SCREW S 

Sc 



l^t-r-rTr - 



3id/Jfr.v of Shiji.tmd M/whlrwry. Mrst^ffmni Xt"! itf Cnt'ru/rk- 












KALF 



.•:.M;.l;r. 



r 



"S "^KEMEir AND "XEWYORK" 



PL^TE X 




I 



/. 



/ 



BODY PLAN 




4-^1. 



SHIP BUI 

DRAUGHT OF THE SCREW 

BeTjcmgiiu/ to the. Pen. & One, 
Principal Dimeasiaas. 

Length between Ptrpendiculara 

n? of i&e/ for Tonnage 
Brcitdth for Tomtage 
Depth in JLU^hips -front top of Keel J 
Burthen in Tons ^\T' 26^2 ^ 0,M. 
Bidlders of the Skip. Mare & C? 
Makers of the Machinery, G. Sc J.Renrde . 



SHEER P 








i?j. 






t-h-r-t 






111 i_ _j I ' ~L~--—L ' L — ■ — I ''~ 















176 11 «• I70 1C6 162 158 1S4 1&0 146 142 158 1&4 150 126 Itt UR 04' UO 106 102 



Feet. 6 



10 20 50 40 &0 60 70 80 



90 100 110 120 150 



140 




A-Af.' Blac 



LNG. 

^AM SHIP ^PERA: 
tsam Nax. C? 

Feet 
21 



PLATE XI, 



InJ! 
" 8 

^ 1 



Scale of Displaxjenieiit. 




2J00 



swfo Torts 




8* 80 76 72 68 64* 00 66 52 <»8 44 40 &6 32 28 24 30 IB 



_3l60 170 IftO 190 200 210 220 250 240 250 260 270 280 200 300 .m T^alii 



--I 



I....L.._f-^--I::r+:-:^ 






^_L.J._.i — 




--..J 






c^. 



^J hi mma H f*«.l 



I 






Yj 



) 






, 



SHI 



DRAUGHT OF THE 

BELONGING TO THE PEN! 



Dimensions. 

n, in. 

Length over all 320.. 

for itonnape 292 * 2 

Breudth, for tonTut^e. 39 « 5 t 

Depth^ of flolcf. fhojfh cetUn^ to spar dec/c 27 • S 

ToTvna/^. > Builder^ old /neasurgment /tans J 2221. i^ 

Load I}fUMffht of ivtUer IS , 10 

Displaxiement at loady-drcui^At ftons ) 2S08 

Area of midifhip eeotU/n. at 28 ft- lOin fsg.ft/ ooO-O 

Hor9es-po wer fruymirvad^ ) (Karnes ) idO . 

Builder of tA^. S'/iip Johrc Laird-. Birfc^nA^^ad . 

Jfa/cers of the. MachineryL, Fawoe4t I^^storv * C9 



tons 


O I 


2 




3 


^ 


500 







7 


8 




1 1 1 1 1 1 1 I 


fee4 






1 
1 










1 






18 






1 










1 






35 






1 










1 






9 


.... 




1 

+ 
1 


.... 









•f 


... 














.„_- — 


— ^ 


1 






C 
3 











— "' 












r 




'1 

















SHEER 




10 5 9 


lllllllllll 1 1 1 1 1 1 1 1 1 1 1 1 1 


1 


10 


20 


30 


•fO 


5Q 


00 


70 


80 


90 


100 


ao 


120 


130 



HALF 




Pobliihet 



LDI]^G. 

STEAM SHIP 'nubia!' 

ORIENTAL STEAM NAVf CATION C? 



PLATF. XR 



BODY PLA>^. 
xVfter Body Fore Bodv. 



lax: e men! 




IS Feet Water Litif. 





D O O O 



OGDD DO on DD u p ^ 9-^ 



||iV^ 



,jfS^^. 




«. 




























liJi 


1 1 1 1 1 1 1 1 1 1 I.I 1 III 1 


^ 


160 


170 


IBO 


100 


200 


310 


220 


230 


240 


250 


260 


270 


280 


29o: 1 






























1 



PLAN 




^Eiliiilncr^. 




BODY PLAN 




SHIP 

DlLiVGHT OF THE IRON 
Belorwfmcj to the Pen 

DiincTisiojLs 

Bre^ufth ejctmme 

JMpfA a/nitlships (from iop of A 
Durihfn in tons J ff 2:i73 A: 1 
Hnrses powi^r (ytominal } 4'50. 
Builders of the. Ship . StunxulcL \ 
llakers of thc^ Madunery. Jhanp^ 



SH 




30 20 



26 25 



2* 23 



20 10 



lA 17 



1 


10 


__ ?_o_._ 


30 


+0 


50 


60 


70 


80 


00 


100 


110 


120 


130 


14-0 








^— — 


— 


— i_ 


1_ ... 


- J 




1 


1 




— -^ 


1 


1 


I 




1 





















HALF 




Publ 



3LDING. 



TLATE JOn, 



jflf STEAM SHLP 'CEYLON' 
w'iental Steam. JVav C9, 



Scale of Displacement 



JTeet 
,290 . 

29, 



3000 



re€t 




3500 terns 



Displcwemenl at l6. 3 draught, 2970 tons. 



under Side cf Jceel 



PLAlSf 




1* 13 12 



_ IgO WO 180 190 200 210 220 230 240 250 260 270 280 29fi ft 

^"■' I ' I I I I I I I I i ' 111 



K>Tn PLAN 




C^iAftoui^ S*s,£dinX 





Fnet 10 






^. 



^ 

<! 



c 


^ 




=< 


< 
e 




t-H 


^ 


K' 


>i 


< 


;i^ 


^, 


?5; 


t^ 


s 


l«^- 


p^' 


-^ 


f*; 


F" 


s 


E-^ 


^ 


C/2 


g 









km 






f 



1 
i" 



Ill 






c? 



S 
ft; 




^ 

r 



CO •« 



I 



s 



5r 








C/- 




S 








JJ 








^ -i 




S 




^ 




^ 


.^• 


?N 


^' 




^ 




^ 


^ 


^ 


Qi 


:w 




^ 


S 


=§ 


Ss, 


.^ 


'L 


>-^, 


^ 


^ 


'N 


f»fc. 


<, 


•« 


•^ 


•?: 






S 


^ 


5 

> 


^- 






S 



s: 




I 

1 







3 



53 



2^ 






H 






I 



^ 
^ 



5 



S 



I 




■a 






STEAM XAA^IGATIOX. 



PLATli SXL 



KXaiXES OF STtJAMmS CxlLLAO.LIMA StBOGOJII. 

:i30 Horse Pouei'. 



ypi 



M 



i^ 



s 




s: 



^ 



rr 





FRONT ELKVATION. 



"ii)>Ushed bi/ A& C. BlarlcHJwhuriih . 



I 



s 

■^ 

1 

^ 

G. 





^ 




^ 




Si 




h 


^ 


i*? 


o 


?i 


HH 


>s 


H 


^ 


< 


^ 


^ 


i 


HM 


> 


< 




^ 


^ 




.y 


l:^ 


s 


< 
^ 


s 




s 














l\ 




iiM ii iiiii i iiiiiiiii mu iiTTTTn i 






TiTlL 




€18 TiJiu m 







\ 



^7^5^ 



